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J     PREFACE  TO  THE  THIRD  EDITION. 

Nearly  twenty  years  ago  the  first  edition  of  this  manual 
was  issued.  Except  lor  minor  corrections,  and  the  addition 
of  Tables  XXVIII  and  XXIX,  in  the  second  edition,  less  than 
two  years  later,  no  changes  have  since  been  made.  For  several 
years  the  author  has  had  a  general  revision  in  contemplation, 
but  other  and  more  pressing  calls  have  prevented  this.  As 
finally  made,  the  revision  covers  more  than  was  intended  when 
it  was  begun,  but  falls  short  of  what  it  should  be,  and  has  been 
done  in  a  fragmentary  manner.  It  is  hoped,  however,  that 
the  usefulness  of  the  book  has  been  increased. 

Considerable  new  matter  has  been  added  to  Chapter  V. 
In  order  to  conform  to  present  practice,  formvdas  have  been 
derived  for  the  conditions  of  straight  frogs  and  switch  points. 
Some  engineers  prefer  the  more  approximate  treatment,  in  which 
both  switch-rails  and  frogs  are  assumed  to  be  ciu^ed,  and 
certainly  the  formulas  are  simpler  and  easier  of  appUcation. 
For  those  who  prefer  it,  the  old  method  has  been  retained 
in  large  part.    One  may  take  his  choice  of  methods. 

A  brief  treatment  of  the  mass-curve  in  connection  with 
overhaul  has  been  inserted,  and  the  subject  of  grades  has  been 
amplified.  Scattered  through  the  text  numerous  other  changes, 
additions,  and  omissions  have  been  made. 

A  number  of  new  tables  have  been  incorporated  in  the  text, 
and  to  the  tables  in  the  back  of  the  book,  have  been  added 
Table  la.  Radii  of  Metric  Curves;  Table  IXa,  Correction 
Factors  for  Use  with  Table  IX;  and  Table  XXX,  The  True 
Meridian  and  the  Magnetic  Declination.  Table  XIX  has  been 
extended  to  show  volume^  per  100-foot  lengths  of  Prismoids 
for  heights  varjring  by  tenths  of  a  foot,  up  to  fifteen  feet.  Soon 
after  the  first  edition  appeared,  considerably  more  than  this 
was  suggested  by  Mr.  R.  A.  Thompson,  now  a  member  of  the 
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Engineering  Board  of  the  Interstate  Commerce  Conmiission, 
but  the  author  side-stepped  then — and  before  the  new  table  was 
half  finished  wished  that  he  had  continued  to  do  so. 

Many  helpful  suggestions  have  been  derived  from  the  follow- 
ing works:  "Modem  Location  of  Standard  Turnouts,"  by 
Kurtz;  "Railroad  Surveying,"  by  Pickles  and  Wiley;  "Rail- 
road Curves  and  Earth-work,"  by  Allen;  "Field  Engineering," 
by  Searies  and  Ives;  "Track  FormulsB  and  Tables,"  by  Roberts; 
"Railroad  Construction,"  by  Webb;  "American  Railway  Engi- 
neering Association  Manual,"  Edition  of  1911.  Acknowledg- 
ment for  suggestions  is  here  made. 

Acknowledgments  are  also  due  many  engineers  who  have 
suggested  additions  from  time  to  time,  many  of  which  have 
been  incorporated.  Had  all  been  included  this  would  no  longer 
be  a  handbook. 

Special  acknowledgments  are  due  Mr.  CM.  Kurtz  for  many 
suggestions  in  addition  to  those  derived  from  his  excellent 
handbook.  Table  IXa  has  been  inserted  at  his  instance,  and 
a  part  of  it  is  his  work.  Table  XXX  is  also  due  to  his  sug- 
gestion. The  section  on  land-line  ties  is  his,  and  likewise  the 
problem  shown  in  Fig.  131.  The  treatment  in  connection 
therewith  was  suggested  by  him.  Mr.  A.  C.  Love,  Professor 
of  Railway  Engineering  in  the  Agricultural  and  Mechanical 
College  of  Texas,  also  made  many  useful  suggestions,  par- 
ticularly in  connection  with  transition-curves  and  the  mass- 
curve.    Formula  (172)i  was  supplied  by  him. 

J.  C.  Naqle. 

Austin,  Texas, 

February,  1917. 


PREFACE  TO  THE  FIRST  EDITION. 


Ea9E  of  reference  and  uniformity  of  notation  are  essential  in  a 
book  tliat  is  to  be  consulted  iu  the  field.  With  this  in  mind  an 
effort  has  been  made  in  the  following  pages  to  secure  a  systematic 
arrangement  of  the  subject-matter  and  uniformity  of  terms  and 
notation.  Except  for  a  few  cases  (Jreek  letters  have  been  avoided 
and  a  single  letter  is  used  to  designate  an  angle.  In  so  far  as 
practicable  each  figure  is  intended  to  be  self-explanatory,  so  that 
the  explanations  necessary  in  connection  with  the  problems  have 
been  reduced  to  a  minimum.  Algebniic  equations  stand  each  in 
a  distinct  line,  thus  rendering  them  more  easily  read. 

A  knowledge  of  the  elements  of  geometry  and  trigonometry  has 
t/een  assumed,  and  only  in  the  derivation  of  a  few  formulas  in 
connection  with  the  theory  of  transition-curves  will  any  higher 
mathematics  be  needed.  But  these  formulas  may  be  accepted  by 
the  reader  who  is  unfamiliar  with  the  calculus  without  in  any 
way  affecting  his  ability  to  understand  their  applications  or  to 
follow  subsequent  reasoning. 

One  can  most  readily  turn  to  what  he  wants  in  a  book  after  hav- 
ing become  familiar  with  its  contents  in  the  classroom.  Keeping 
this  in  mind  this  book  has  been  written  so  that  it  may  be  used  as 
a  text  as  well  as  for  reference  in  the  field.  Wherever  practicable 
solutions  to  problems  have  been  given  in  a  rigid,  general  form, 
followed  by  illustrative  examples,  so  that  the  student  need  not 
lose  sight  of  the  principle  involved  while  following  the  solution 
for  a  particular  case.  Wherever  approximate  solutions  seemed 
preferable  they  have  also  been  given  and  their  limitations  pointed 
out. 

Free  use  has  been  made  of  the  Table  of  Functions  of  a  One- 
degree.  Curve,  thus  reducing  the  labor  of  field  computations.  By 
defining  the  degree  of  curve  with  reference  to  short  chords  foi 
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sharp  curves — and,  with  tables  of  Radii,  Long  Chords,  Mid- 
ordinates,  etc.,  based  on  appropriate  equations — the  errors  result* 
iug  from  assuming  the  radius  to  vary  inversely  with  the  degree 
of  curve  will  generally  be  found  to  be  quite  small. 

Chapter  I  gives  briefly  the  general  method  of  making  Re- 
connoissance;  Chapter  II  treats  of  Preliminary  Surveys;  while 
Chapter  III  relates  to  Location. 

Chapter  IV,  on  Transition-curves,  follows  the  method  adopted 
by  Professor  Crandall,  and  enables  one  to  locate  the  transition- 
curve  with  rigid  accuracy  where  such  is  necessary.  Approximate 
methods  are  also  given  by  means  of  which  the  curve  may  be  as 
easily  located  as  any  of  the  more  limited  easement  curves  ordi- 
narily met  with. 

Chapter  V,  on  Frogs  and  Switches,  contains  all  that  is  necessary 
for  their  location.  The  formulas  have  been  arranged  to  give  the 
desired  quantities  in  terms  of  the  frog  number  whenever  the  re- 
sulting equations  would  be  easier  of  application  than  the  trigono- 
metric ones  usually  given.  The  turnout  tables  are  unusually  full 
and  give  not  only  the  theoretical  lead  but  the  stub  lead  as  weill, 
from  which  the  practical  lead  can  be  at  once  found  when  the 
length  of  switch-rail  is  known. 

Chapter  VI,  on  Construction,  tells  how  to  set  slope-stakes,  and 
gives  simple  methods  for  computing  areas  and  volumes  either 
directly  or  by  the  use  of  tables.  A  short  table  of  prismoidal 
corrections  is  given  for  end  sections  level,  and  also  a.  formula  for 
three-level  sections,  by  means  of  which  a  suitable  table  m»7  be 
computed  if  desired. 

The  tables  at  the  end  of  this  book  have  been  arranged  with  a 
view  to  ease  of  reference,  for,  whatever  the  character  of  the  text, 
the  chief  value  of  a  field-book  must  depend  upon  the  ease  with 
which  the  tables  may  be  consulted  and  upon  their  extent  and 
accuracy.  Table  IX— Functions  of  a  One-degree  Curve— sepa- 
rates the  logarithmic  functions  on  the  one  side  from  the  natural 
functions  on  the  other  and  will  be  of  assistance  in  locating  these 
tables.  Table  XVI — Transition-curve  Table — reading  lengthwise 
of  the  page,  likewise  serves  to  separate  the  trigonometric  tables 
from  the  miscellaneous  tables  that  follow. 

Some  engineers  object  to  the  use  of  logarithmic  tables  in  the 
field,  but  for  them  the  natural  functions  are  at  hand;  while  for 
those  who  prefer  logarithms  the  five-place  tables  of  logarithmic 
sines,  cosines,  etc.,  will  be  found  easy  to  consult  and  interpolate 
between. 
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All  trigonometric  tables  are  five-place,  and  others  were  carried 
to  as  many  decimal  places  as  their  character  demanded. 

Tables  I,  III,  IV,  and  V  have  been  computed  to  agree  -svith 
the  definition  of  the  degree  of  curve  requiring  curves  sharper 
tban  7"  to  be  run  with  chords  less  than  100  feet  in  length,  as 
described  in  the  text.  Tables  XVII  and  XVIII  were  also  com- 
puted expressly  for  this  book. 

Tables  VI  and  XXVII  are  from  electrotypes  from  Ca^hart's 
Field  Book  for  Civil  Engineers  and  were  furnished  by  Q  inn  &  Co. 
Electrotypes  of  Tables  II.  X,  XII,  XIII,  XIX,  XX,  XXIV,  XXV, 
XXVI,  and  also  XVI  —  this  last  being  from  Crandall's  book. 
The  Transition  Curve — were  furnished  by  John  Wiley  &  Sons. 

Of  the  others,  some  were  arranged  from  standard  tables  and 
uthers  adapted  in  part  and  extended  to  increase  their  usefulness. 

It  will  be  noticed  that  vertical  lines  have  been  omitted  wher 
ever  practicable,  thus  rendering  it  easier  to  refer  to  the  tables. 

Acknowledgments  are  due  my  associate.  Professor  D.  W, 
Jpence,  for  aid  in  making  the  tabular  computations  and  in  readi^i; 

proof. 

J.  C.  Naolb. 
CoLLKOB  Station,  Texas,  May,  1807. 
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A    FIELD-MANUAL    FOR    RAILROAD 

ENGINEERS. 


CHAPTER  I. 

reconnoissance. 

Article  1.    Objects  op  Reconnoissance— How  Made. 

1.  The  questiou  of  the  selectiou  of  the  proper  route  for  a  line 
of  railway  is  essentially  an  economic  one,  involving  not  only  the 
cost  of  construction,  but  of  maintenance  and  operation,  and  a 
consideration  of  the  immediate  and  future  trnfOic  likely  to  pass 
over  the  completed  road. 

The  engineer  upon  whom  devolves  the  duty  of  making  the 
surveys  for  a  railroad  is  not  often  called  upon  to  determine 
whether  it  should  or  should  not  be  built,  though  his  preliminary 
estimate  may  decide  those  whose  duty  it  is  to  do  so  :  the  problem 
confronting  him  is  Iiow  to  secure  the  beat  line,  answering  a  given 
purpose^  for  the  least  cost  Keeping  in  mind  the  proper  working 
of  the  completed  road,  the  problem  may  be  divided  into  two  gen- 
eral parts : 

First,  The  selection  of  the  general  route  between  terminal 
points,  and  in  some  cases  the  selection  of  the  terminals  them- 
selves. 

Second.  The  fitting  of  the  line  to  the  ground  in  such  a  manner 
as  will  render  the  cost  of  constructing  and  operating  the  road  a 
minimum. 

The  first  is  by  far  the  more  important  and  difficult  operation, 
requiring  the  highest  grade  of  engineering  skill — a  fact  too  sel- 
dom recognized  by  those  selecting  engineers  for  this  work.  The 
acquirement  of  the  necessary  skill  can  result  only  from  long 
practice  and  close  observation,  coupled  with  the  ability  to  fully 
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grasp  and  weigh  all  the  complex  features  of  the  question.  A 
passing  reference  only  can  be  made  to  it  in  this  little  volume, 
which  is  intended  to  furnish  hints  and  aids  to  the  better  execution 
of  the  second  part.  For  the  benefit  of  the  beginner  who  has  to 
do  with  the  location  and  constru(;tion  a  few  definitions  and  hints 
relating  to  rcconuoissance  will  be  given  before  going  on  to  the 
special  problems  arising  in  the  work  of  the  railroad  engineer. 

2.  The  Reconnoissance  is  a  rapid,  general  survey  of  the  arta 
through  which  the  proposed  railroad  must  puss,  made  only  with 
such  instruments  as  can  be  easily  carried,  and  which  should  ena- 
ble the  engineer  to  restrict  the  more  accurate  instrumental  work 
that  follows  to  one  or  two  general  lines.  The  time  required  for 
this  part  of  the  work  will  in  general  be  only  a  small  fraction  of 
the  time  consumed  in  location,  involving  the  service  of  very  few 
men;  yet  there  is  no  part  of  the  work  more  rapidly  and  im- 
properly done — not  always  because  the  engineer  in  charge  under- 
estimates its  importance,  but  because  he  is  not  usually  allowed 
sufficient  time  in  which  to  study  thoroughly  the  area  under  con 
sideration. 

Properly  the  reconnoissance  includes  the  determination  of  the 
terminal  points  of  the  road,  but  the  locating  engineer  is  usually 
relieved  from  the  necessity  of  selecting  these  points,  and  the 
question  reduces  to  that  of  finding  the  best  available  line  which 
admits  of  being  biiUt,  maintained,  and  operated  at  the  least  cost 
between  two  given  points. 

The  reconnoissance  must  be  made  over  an  arisa — not  a  line  or 
lines.  Even  what  seems  the  most  unpromising  portion  should 
be  carefully  studied,  for  the  engineer  can  never  be-  satisfied  he 
has  selected  the  best  route  until  he  has  convinced  himself  by  care- 
ful study  that  all  others  are  inferior.  Too  much  haste  on  recon- 
noissance means  either  a  poor  line  or  a  much  greater  expenditure 
of  time  and  money  on  the  preliminary.  No  amount  of  notes  or 
topography  can  take  the  place  of  an  intimate  personal  knowledge 
of  the  problems  to  be  encountered,  and  hence  the  reconnoissance 
and  preliminary  survey  should  be  made  by  the  engineer  who  is 
to  locate  the  road. 

3.  The  Instruments  needed  will  rarely  be  more  than  a  pocket- 
compass,  hand-level,  aneroid  barometer,  field-glasses,  and  some- 
times a  pedometer  or  an  odometer. 

(a)  The  Pocket-compass  is  used  to  obtain  the  magnetic  bear- 
ings of  lines  and  the  angles  they  make  with  each  other. 
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(b)  The  Hand-level  enables  one  to  obtain  differences  of  ele- 
vation between  points  not  far  apart. 

(e)  The  Aneroid  Barometer  gives  approximate  heights  of  the 
noiercury  column,  and  serves  to  rougblj  determine  the  difference 
of  elevation  of  given  points.  In  addition  to  the  scale  giving 
readings  in  inches,  it  should  have  also  a  scale  graduated  to  give 
readings  in  feet.  If  two  aneroids,  which  have  been  previously 
compared,  are  read  simultaneously,  one  at  each  of  the  points 
whose  difference  of  elevation  is  desired,  or  if  the  same  aneroid  is 
read  at  each  successively  at  a  short  interval  of  time,  during  which 
the  atmospheric  pressure  has  not  sensibly  altered,  we  may  find 
the  difference  of  elevation  by  the  formula* 

d  =  mm oogH- log  h)(i  +  ?^+^^),  .  .  (1) 

in  which  d  is  the  difference  of  altitude  in  feet,  S  and  h  the 
barometric  readings  in  inches — ^the  logarithms  being  of  the  com- 
mon or  Briggs  kind,  2^  and  t  the  temperatures  of  the  two  stations 
in  Fahrenheit  degrees. 

If  the  sum  of  the  temperatures,  T-^-i,  is  taken  as  105",  formula 
(1)  reduces  to 

d  =  63000(logjff-logA) (!') 

Example. — The  reading  of  the  barometer  at  the  foot  of  a 
mountain  is  28.8  incbes,  and  at  the  top  26.7  inches.  Required 
the  height  of  the  mountain. 

By  (!').  d  =  63000  (log  28.8  -  log  26.7)  =  2071  feet. 

Tbe  effect  of  temperature  on  the  metal  of  the  instrument 
should  be  considered  in  the  barometric  formula  when  very  pre- 
cise work  is  to  be  done  ;  but  this  correction,  being  small,  may  be 
neglected  in  the  rough  work  of  reconnoissance,  particularly  since 
the  makers  of  the  instrument  construct  it  in  such  a  way  as  to 
compensate,  as  closely  as  possible,  for  such  changes  of  tem- 
perature. 

(d)  The  Pedometer  is  an  instrument  which  automatically 
counts  the  number  of  steps  made  by  a  person  when  the  instru- 
ment is  attached  to  his  belt ;  then,  knowing  the  average  length 
of  step,  the  distance  passed  over  can  be  readily  computed. 

The  Odometer  registers  the  number  of  revolutions  of  a  wheel 
to  which  it  is  attached,  and  the  number  of  revolutions  multiplied 

Uy  the  circumference  of  the  wlieel  gives  the  space  passed  over. 

, .  — — ^ — ■ — ■ — ■ — ■ — . ■ 

*  See  Plyiupton*8  Aneroid  Barometer,  p.  38,  for  foFinula  (1). 
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4.  The  Map. — Before  beginning  the  reconnoissance  the  engi- 
neer should  provide  himself  with  the  best  available  map  of  the 
region  to  be  traversed ;  if  this  is  a  topographic  one,  he  can  at 
once  determine  from  it  the  lines  that  are  likely  to  justify  an 
examination  ;  and  even  if  it  is  only  a  sketch-map,  he  can  get 
material  assistance  by  observing  the  courses  of  the  streams  and 
remembering  that  their  positions  indicate  the  relative  elevations 
of  the  portion  of  the  region  through  which  they  flow.  Thus  the 
large  streams  follow  the  lines  of  least  elevation,  and  the  manner 
in  which  the  lateral  streams  unite  with  the  principal  one  indi- 
cates the  general  trend  of  the  terrain.  Two  streams  flowing 
nearly  parallel  approach  or  recede  from  each  other  according  as 
the  intervening  land  diminishes  or  increases  in  altitude.  Two 
streams  flowing  away  from  each  other  on  opposite  sides  of  a 
divide,  and  having  their  source  therein,  approach  each  other 
closest  at  the  point  of  least  elevation,  and  indicate  the  position  of 
a  pass  or  the  lowest  point  of  the  dividing  ridge.  The  study  of 
any  good  contour  map  covering  sufficient  area  will  illustrate  the 
laws  governing  the  courses  followed  by  streams. 

The  elevations  of  a  few  correctly  mapped  points,  when  obtain- 
able, from  the  map  or  otherwise,  serve  as  a  guide  in  tentatively 
fixing  on  the  maximum  gradient  to  be  employed  and  the  amount 
of  development  needed. 

A  skillful  engineer  will  thus  be  enabled  to  project  his  lines 
with  sufficient  accuracy  to  enable  him  to  select  on  the  ground  the 
most  feasible  route  or  routes  for  his  preliminaries  in  the  least 
possible  time.  He  should  guard  against  the  conviction,  however, 
that  it  is  unnecessary  for  him  to  look  elsewhere  than  along  the 
projected  routes  ;  for  the  inaccuracies  of  the  map,  local  peculiari- 
ties, the  nature  of  the  excavation  and  embankment,  the  number 
and  cost  of  bridges  and  other  mechanical  structures, — all  these 
may  conspire  to  make  the  most  promising  map-line  inferior  to 
some  other  whose  advantages  have  to  be  sought  for  on  the 
o^round. 

5.  Having  tentatively  decided  on  the  limiting  grades  and  cur- 
vature to  be  employed,  the  engineer  goes  carefully  over  the 
ground,  examining  the  entire  area  that  seems  likely  to  afford 
passage,  in  order  to  determine  whether  a  suitable  line  may  be 
secured  for  the  grades  and  curves  previously  assumed.  With  his 
pocket-compass  he  takes  the  bearings  of  lines,  and  by  means  of 
the  hand-level  and  aneroid  determines  differences  of  elevation. 
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Distances  are  estimated  by  the  eye,  paced,  and  the  count  taken 
from  the  pedometer,  or,  if  the  country  admits  of  the  use  of  a 
vehicle,  taken  from  the  odometer  readings.  If  a  well-gaited 
saddle-horse  is  used,  very  good  results  may  be  gotten  by  timing 
him,  or  by  the  use  of  the  pedometer  if  his  stride  is  uniform. 

But  in  all  cases  much  dependence  must  be  placed  on  the  ability 
to  estimate  with  the  eye  differences  of  elevation  and  distances. 
The  ability  to  do  this  with  even  reasonable  accuracy  comes  only 
from  long  practice  and  careful  observation,  even  to  the  most 
gifted  in  this  respect.  New  and  unexpected  conditions  some- 
times deceive  even  the  most  practiced  eye,  but  under  ordinary 
conditions  almost  any  one  can  train  his  eye  to  estimate  horizontal 
distances  fairly  well.  Vertical  heights  are  more  deceptive,  pos- 
sibly because  we  have  less  practice  in  this  line,  and  the  mind 
seems  naturally  to  exaggerate  the  vertical  as  compared  with  the 
horizontal ;  practice,  however,  will  enable  us  to  make  allowance 
for  the  natural  tendency  to  overestimate  heights  and  slopes. 

The  ground  should  be  gone  over  in  both  directions,  for  the  ap- 
pearance may  be  quite  different  when  approached  from  different 
quarters.  Ruling  points,  such  as  a  pass  in  the  mountains,  the 
crossing  of  a  large  stream,  or  a  town  or  city  through  which  the 
road  must  be  built,  serve  to  reduce  the  problem  to  a  number  of 
special  ones,  each  having  its  own  solution. 

In  a  mountainous  region  offering  a  limited  number  of  possible 
routes,  but  heavy  construction  work,  it  may  often  happen  that 
the  location  of  a  line  is  a  much  less  difficult  operation  than  in  an 
open,  rolling  country  offering  a  score  of  possible  lines,  between 
which  the  engineer  making  the  reconnoissance  must  decide, 
selecting  only  those  that  in  his  judgment  seem  to  justify  an 
accurate  instrumental  survey. 

The  engineer  must  keep  constantly  in  mind  all  the  factors  of 
the  general  problem  of  economic  location  and  maintenance,  and 
successful  operation  of  trains.  One  line  may  cost  more  for  con- 
struction and  maintenance  than  another,  but  less  for  operation, 
or  may  invite  less  traffic.  In  all  cases,  however,  the  question 
of  grades,  curvature,  length  of  line,  earthwork,  and  mechanical 
structures  are  the  controlling  elements  to  be  considered. 

Having  decided  upon  the  route  or  routes  over  which  to  run 
preliminaries,  these  are  marked  on  the  map,  and  the  engineering 
party  organized  and  put  in  the  field,  with  all  the  necessary 
instruments. 

The  reconnoissance  should  disclose  which  of  the  three  follow- 
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ing  general  classes  the  preliminary  survey  wiU  probably  come 
under: 

(a)  Valley  lines,  as  will  be  the  case  for  a  railroad  between 
two  towns  situated  in  the  same  valley,  and  on  the  same  stream. 
The  located  line  will  follow  the  meanderings  of  the  stream  more 
or  less  closely  and  may  sometimes  be  located  entirely  on  one 
side  of  the  stream,  or  it  may  cross  and  recross  the  stream.  The 
hydrauUc  slope  of  the  stream  may  not  be  uniform  and  the 
located  line  may  have  to  be  carried  on  the  slopes  of  the  hills 
some  distance  back  from  the  stream  in  places.  Valley  locations 
generally  present  fewer  difficulties  than  either  of  the  others 
named  below. 

(6)  Cross-country  lines  have  always  one  or  more  smnmits  which 
are  controlling  factors.  The  lowest  available,  practicable  ones 
should  be  selected  unless  these  should  involve  such  an  increase 
in  length  of  line  as  to  make  a  higher  one  preferable.  K  the 
line  follows  a  stream  up  one  side  of  a  range  of  hills  it  will  most 
probably  be  so  located  as  to  follow  another  down  the  opposite 
side,  for  low  points  in  a  divide  indicate  that  the  sources  of 
Btreams  on  opposite  sides  of  the  range  approach  each  other 
most  closely  at  these  points. 

(c)  Mountain  lines  usually  require  "  development " — that  is  an 
increase  in  the  length  of  line — in  order  to  keep  within  the  rul- 
ing grade.  Sometimes  this  is  accomplished  by  following  up  a 
lateral  valley,  on  a  continuous  ascending  grade  if  we  are  work- 
ing toward  the  summit,  and  vice  versa  if  we  are  receding  from 
the  smnmit,  and  introducing  a  sharp  curve,  crossing  or  round- 
ing the  lateral  vaUey,  then  working  back  on  the  opposite  side, 
still  on  the  same  character  of  gradient  as  was  used  on  the  first 
side  of  the  lateral  valley. 

(d)  SwvUih-hacks. — Sometimes  the  natural  ground  slope  is  so 
steep  that  a  "  switch-back  "  must  be  used.  This  method  per- 
mits the  located  line  to  be  carried  up  the  face  of  a  steep  slope. 
It  involves  slow  and  expensive  operation  of  trains,  however, 
because,  after  climbing  as  far  as  the  topography  permits,  the 
train  must  be  stopped,  a  switch  thrown  behind  it,  and  the 
train  backed  up-grade  as  far  as  this  branch  of  the  switch-back 
extends,  after  which  another  switch  is  thrown  in  front  of  the 
train  and  forward  movement  made  along  another  branch  of  the 
Bwitch-back.     This  procedure  is  followed  for  as  many  branches 
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as  there  are  in  the  switch-back,  each  one  requiring  the  train  to 
come  to  a  full  stop. 

(e)  Loops. — Sometimes  the  located  line  must  be  made  to 
double  back  and  cross  itself  at  a  higher  or  a  lower  level,  accord- 
ing as  an  ascent  or  a  descent  is  being  made,  and  not  infrequently 
timnels  must  be  resorted  to  in  making  such  loops. 


CHAPTER  II. 
PRELIMINARY  SURVEYS. 

Article  2.    Objects;  The  Field  Corps  ;  Duties  op  the  Chief. 

6.  The  O'bjects  of  the  preliminary  surveys  are  to  secure  all  tlie 
data  necessary  to  determine  wLich  one  of  the  routes  selected  on 
reconnoissance  is  the  most  feasible,  iall  things  considered,  and  the 
approximate  cost  of  construction.  In  rough  country  it  will  be 
economical  to  make  two,  or  even  three,  surveys  over  the  route  se- 
lected for  location  before  beginning  to  place  the  line  in  the  position 
it  is  finally  to  occupy.  The  first  of  these  is  often  omitted,  and  is 
called  an  "exploration-line"  ;  it  will  frequently  save  the  making 
of  the  more  expensive  ''preliminary"  over  one  or  more  of  the 
routes. 

7.  The  Exploration-line  may  be  made  with  either  transit  or 
compass,  and  consists  of  a  rapidly  run  line,  made  for  the  purpose 
of  determining  the  maximum  curvature  and  gradients  with  which 
to  project  the  preliminary.  It  will  not  be  necessary  to  make  a 
detailed  study  of  the  region  at  this  time,  the  distances  and  eleva- 
tions, with  such  sketch  topography  as  may  be  easily  taken,  being 
all  that  is  needed.  The  magnetic  bearing  of  lines  is  taken  by 
the  compassman,  and  the  chainmen  align  each  other  with  the  flag 
set  by  the  flagman.  As  the  progress  of  the  level  party  will  be 
slower  than  that  of  the  compass  party,  it  will  be  economical  to  add 
an  extra  rodman,  and  sometimes  a  recorder.  The  compassman 
may  sketch  in  the  features  adjacent  to  the  line  while  waiting  for 
his  chainmen,  who  may  be  either  in  front  of  or  behind  the  com- 
pass. 

The  stadia  method  of  surveying — to  be  spoken  of  later — would 
seem  to  offer  exceptional  advantages  for  this  work — only  three  or 
four  men  being  needed  in  addition  to  the  chief.  With  it,  by  set- 
ting the  transit  over  alternate  stations,  very  rapid  progress  may  be 
made,  and  obstacles  avoided  with  as  much  or  greater  ease  than 
with  the  compass. 

The  exploration -line  will  more  than  pay  for  itself  in  showing 
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wliat  routes  it  will  be  unnecessary  to  make  preliminaries  over, 
and  in  indicating  the  most  feasible  one.  It  should  be  run  over  all 
the  routes  selected  on  reconnoissance. 

8.  The  Preliminary  Survey  follows  the  exploration,  or,  when 
this  is  omitted,  comes  next  after  the  reconnoissance.  It  may,  with 
advantage,  be  made  in  two  parts — first  and  second  preliminary 
It  is  made  with  such  instrumental  accuracy  as  the  nature  of  the 
case  may  demand,  sufficient  data  being  obtained  to  determine  the 
best  line  on  which  to  locate  and  the  approximate  cost  of  construc- 
tion. The  rapidity  with  which  this  work  can  be  done  will  depend 
on  the  care  with  which  the  reconnoissance  was  made.  The  pre- 
liminary line  should  approximate,  as  closely  as  the  eye  can  deter- 
mine, to  the  position  the  located  line  should  occupy,  and  forms  the 
base  on  which  the  topographic  work  rests.  In  reasonably  easy 
country,  where  exploration-lines  have  been  run,  one  preliminary 
should  suffice  for  each  route,  but  in  difficult  regions  it  will  be  best 
to  run  a  second  preliminary.  If  portions  of  the  route  are  easy,  fol- 
lowed by  difficult  parts,  it  will  often  be  sufficient  to  **  back  up  " 
and  re-run  the  difficult  portion  until  a  reasonably  satisfactory  line 
has  been  obtained. 

9.  The  Field  Corps  consists  of  a  chief  of  party,  transitman, 
leveler,  rodman,  two  chainmen,  rear  rodman  or  "back-flag,** 
stakeman,  and  two  or  more  axemen.  If  a  topographic  party  is 
added,  as  it  should  be  in  any  but  the  easiest  country,  there  will  be 
also  a  topographer  with  two  or  more  assistants.  A  cook  and 
teamster  will  be  needed  with  the  camp  outfit. 

The  corps  is  usually  divided  into  the  following  parties  : 

(a)  The  Transit  Party. 

(6)  The  Level  Party. 

(c)  The  Topographic  Party. 

10.  The  Chief  of  Party  receives  his  orders  from  the  chief  en- 
gineer, or  such  other  officer  as  may  be  in  charge,  directs  the  mo- 
tions of  the  surveying  corps,  and  is  responsible  for  their  conduct 
and  progress.  He  provides  accommodations  and  supplies,  pays  all 
expenses,  taking  receipts  or  vouchers  for  all  outlays — in  dupli- 
cate when  required.  In  the  less  thickly  populated  sections  he 
must  provide  tents,  wagons,  cook,  and  all  necessary  camping  outfit 
and  supplies.  He  must  direct  the  field  operations  in  person,  keep- 
ing in  advance  of  the  transit,  establish  turning-points  or  hubs, 
and  direct  the  transitman  in  the  proper  course.     He  should  keep 
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a  record— or  direct  the  transitman  and  topographer  to  do  so— of 
the  character  of  earthwork  likely  to  be  encountered,  the  places 
where  drains,  culverts,  bridges,  cattle-guards,  etc.,  are  needed; 
the  nature  of  material  for  embankment,  piling,  etc.,  adjacent  to 
the  line  ;  the  probable  amount  of  clearing  and  grubbing,  and  all 
other  features  likely  to  affect  the  cost  of  construction.  He  should 
see  that  the  names  of  property  owners  and  residents  along  the 
line  and  the  positions  and  bearings  of  property  lines,  when 
possible,  are  noted. 

He  should  have  authority  to  discharge  assistants — except  transit- 
man,  leveler,  and  topographer — whose  services  are  unsatisfactory, 
and  in  many  cases  it  will  be  best  for  him  to  have  entire  control, 
engaging  or  discharging  any  member  of  the  corps  as  circumstances 
may  require. 

Article  3.    The  Transit  Party. 
A.  Duties  of  the  Members. 

11.  The  Transit  Party  should  consist  of  a  transitman,  head 
chainman,  rear  chainman,  rear  flagman,  stakeman,  and  as  many 
axemen  as  may  be  required — rarely  less  than  two  even  for  open 
country. 

12.  The  Transitmafn  cares  for  his  instrument,  keeping  it  in  ad- 
justment; directs  the  chainmen  into  line;  notes  the  angle  between 
successive  tangents  as  read  on  plates;  notes  also  the  bearings  of 
tangents,  of  highways,  streams,  and  property  lines  (on  location), 
with  the  plus  at  which  the  line  crosses  them.  If  there  is  no 
topographic  party  he  must  make  sketches,  on  the  right-hand  page 
of  note-book,  of  the  surface  features  adjacent  to  the  line;  the 
red  line  down  the  middle  of  page  represents  the  transit  line, 
whether  straight,  broken,  or  curved,  to' which  the  sketches  are 
adjusted.  He  must  see  that  the  axemen  keep  in  line,  in  order 
that  no  unnecessary  chopping  may  be  done.  Large  trees  need 
rarely  be  felled  on  preliminary,  even  when  a  given  general  course 
has  to  be  followed,  for  small  angles  may  be  turned  to  avoid  them, 
the  deflections  to  right  being  made  to  approximately  balance  those 
to  left. 

When  the  chief  of  party  is  absent  the  transitman  is  ranking 
man,  and  will  take  temporary  charge. 

13.  The  Head  Chainman  carries  a  range-pole  or  "flag,*'  and 
drags  the  chain,  which  he  must  see  is  straight  and  horizontal 
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when  setting  a  point  for  a  stake.  He  directs  the  stakeman  where 
to  drive  his  stake,  calling  out  the  number  after  the  rear  chainman 
has  read  and  called  out  the  number  on  his  stake;  he  keeps  the 
axemen  in  line  by  setting  his  flag  and  going  ahead,  directing  them 
vv'here  to  cut  by  keeping  them  in  line  with  the  flag  and  transit. 
The  speed  of  the  party  is  dependent  on  the  rapidity  and  accuracy 
with  which  he  can  set  his  flag  in  position,  by  ranging  with  stakes' 
already  set  between  him  and  transit,  and  in  seeing  that  the 
axemen  make  all  their  work  count. 

14.  The  Rear  Chainman  must  be  careful  to  hold  his  end  of 
the  chain  in  the  proper  place,  and  that  it  is  kept  straight  and  taut 
when  the  head  chainman  is  setting  a  stake.  He  must  give  all 
pluses,  note  the  number  on  each  stake  as  he  comes  up  to  it,  and 
see  that  the  stakeman  has  marked  it  correctly;  he  must  make  a 
note  of  pluses  for  roads,  fences,  streams,  etc.,  to  be  given  to  the 
transitman  later  on. 

16.  The  Stakeman  must  keep  himself  supplied  with  stakes 
about  ly  X  2"  X  24",  marking  the  number  on  them  plainly,  and 
driving  them  as  directed  by  the  head  chainman. 

If  sawed  stakes  are  not  provided,  he  must  cut  the  stakes  and 
face  them  for  the  numbers.  He  must  keep  on  hand  a  number  of 
plugs  or  "hubs,"  to  be  driven  flush  with  the  ground  and  having 
the  point  where  flag  rested  marked  with  a  tack.  About  ten  or 
twelve  inches  to  the  left  of  and  facing  the  hub  a  guard  stake  is 
driven,  on  which  is  marked  the  station  number,  and  which  enables 
one  to  find  the  hub  at  any  time. 

16.  The  Axemen  do  all  necessary  clearing  and  chopping  in 
order  that  the  transit  and  level  parties  may  have  a  clear  sightway, 
and  yet  restrict  the  work  of  clearing  to  a  minimum.  One  of  them 
may  be  detailed  to  keep  the  stakeman  supplied  with  stakes.  . 

If.  The  Rear  Flagman  holds  his  flag  on  the  last  turning- 
point  for  the  transitman  to  use  in  back-sighting. 

18.  The  Instruments  used  by  the  party  are  the  transit  (or 
compass),  one-hundred-foot-chain  or  tape,  range-poles,  and  the 
necessary  axes  and  hatchet  for  axemen  and  stakeman. 

B,    Transit  Adjustments — The  Vernier. 

19.  For  railroad  work  the  transit  is  usually  plain,  but  it  is 
often  convenient  to  have  a  clamp  and  tangent  movement  to  tele- 
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scope,  a  vertical  circle,  a  level  on  telescope,  stadia  wires,  and  a 
gradienter;  the  solar  attachment  will  rarely  be  needed. 

20.  To  Adjust  the  Plate  Levels.— The  axis  of  the  instrument 
is  set  at  right  angles  to  the  plates  by  the  manufacturer,  so  that 
when  the  axis  is  made  vertical  the  plates  will  be  horizontal. 

In  making  adjustments  remember  that  a  complete  reversal 
always  doubles  any  existing  error. 

Place  the  bubble -tube  parallel  to  a  diagonal  pair  of  leveling- 
screws,  and  bring  the  bubble  to  the  centre  of  its  run.  Revolvo 
the  instrumeut  180°  on  the  vertical  axis,  and  the  level- tube  will 
be  parallel  to  the  same  pair  of  leveling-screws  as  before,  but 
reversed.  If  "the  bubble  has  moved  from  its  central  position 
bring  it  7ta{/*-way  back  by  means  of  the  capstan  headed  screws  at 
the  ends  of  the  tube.  Relevel  and  repeat  until  the  bubble  remains 
at  the  centre  after  reversal.  Do  the  same  for  the  other  bubble. 
Both  bubbles  should  remain  at  the  centres  of  their  tubes  during  a 
complete  reversal. 

21.  Parallax  is  an  apparent  movement  of  the  cross- wires  with 
respect  to  the  object  sighted  when  the  eye  is  moved  from  side  to 
side  of  the  eyepiece,  and  shows  that  the  image  does  not  fall  in  the 
plane  of  the  cross- wires.  In  precise  measurements  it  should  be 
removed  before  making  an  observation  with  the  telescope.  To  do 
this,  first  bring  the  cross-wires  clearly  into  view  when  the  object, 
glass  is  turned  towards  the  sky,  then,  when  sighting  an  object, 
note  if  there  is  any  relative  movement  of  cross-wires  and  image 
when  the  eye  is  moved  from  side  to  side  at  the  eyepiece  ;  if  there 
is,  refocus  the  object-glass  until  this  movement  disappears. 

22.  To  Adjust  the  Line  of  CoUimaiion  is  to  make  the  line 
joining  the  intersection  of  cross-wires  and  optical  center  of  objec- 
tive describe  a  plane  perpendicular  to  the  horizontal  axis  of  instru- 
ment. 

First  Method. — Level  the  instrument  and  clamp  the  move- 
ments on  vertical  axis.  Sight  some  well-defined  object  distant 
about  the  length  of  an  average  sight,  and  in  the  same  horizontal 
plane  as  telescope.  Reverse  the  telescope  on  its  horizontal  axis, 
and  fix  a  point  about  as  far  from  instrument  as  first  point,  and  in 
the  same  horizontal  plane.  Revolve  the  instrument  on  its  vertical 
axis  and  sight  the  first  point;  then  reverse  the  telescope  and  note 
if  line  of  sight  cuts  the  second  point.  If  not,  loosen  the  capstan- 
headed  screws  holding  cross- wire  ring  and  move  the  vertical  wire 
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over  one  fourth  the  apparent  error — since  there  were  two  reversals 
— remembering  that  the  image  of  the  cross- wires  is  inverted,  while 
that  of  the  object  appears  in  its  true  position.     Test  by  repetition. 

Second  Method. — If  the  limb  graduations  can  be  relied  on 
they  may  be  used  in  adjusting  the  vertical  wire.  With  the  instru- 
ment level  sight  a  well-defined  point,  then  revolve  180°  by  vernier- 
plate,  reading  both  verniers;  reverse  telescope,  and  note  if  line  of 
sight  cuts  the  point.  If  not,  correct  one  half  the  apparent  error  by 
moving  diaphragm  ;  then  test  by  repetition. 

The  manufacturers  adjust  the  object-glass  slide  so  that  the  ob- 
jective travels  in  the  telescope  axis,  and  this  adjustment  is  not 
liable  to  serious  derangement.  It  is  well,  however,  to  sometimes 
test  by  adjusting  the  line  of  coUimation  for  both  near  and  distant 
objects.  If  not  correct  for  both,  move  the  ring  which  guides  the 
rear  end  of  object-glass  slide  until  the  adjustment  is  correct  for 
both  positions. 

Next  make  the  vertical  wire  vertical  by  noting  if  it  coincides 
throughout  its  length  with  a  plumb-line,  or  by  observing  if  it  de- 
viates from  a  point,  on  which  the  intersection  has  been  fixed,  when 
the  telescope  is  elevated  or  depressed.  Any  error  is  corrected  by 
turning  the  ring  after  slightly  loosening  the  screws  holding  it. 

The  horizontal  wire  should  also  be  adjusted  so  that  the  inter- 
section of  the  cross-wires  will  be  in  the  axis  of  the  telescope  ;  if 
the  transit  is  to  be  used  as  a  leveling  instrument  this  adjustment 
is  essential. 

Drive  a  stake  close  to  the  instrument,  and  with  the  telescope 
clamped  as  nearly  horizontal  as  can  be  conveniently  done  read  a 
rod  held  on  top  of  the  stake  ;  about  300  feet  distant,  and  in  line 
with  first  stake  and  instrument,  drive  a  second  stake  and  read  the 
rod  on  it.  Revolve  180°  on  vertical  axis,  reverse  the  telescope  and 
bring  the  horizontal  wire  to  the  former  reading  when  the  rod  is 
held  on  first  stake  ;  if  the  reading  on  the  second  stake  is  not  the 
same  as  before,  correct  one  half  the  apparent  error  by  moving  the 
cross- wire  ring.  Repeat  as  a  test.  The  vertical  wire  should  again 
be  tested  lest  the  movement  of  the  ring  may  have  caused  it  to 
change. 

23.  To  Adjust  the  Standards  is  to  make  the  plane  described 
by  the  line  of  collimation  vertical.  Set  up  the  transit  about  as  far 
in  front  of  some  high  building,  or  other  tall  object,  as  the  highest 
point  that  can  be  sighted  is  above  tlie  base.  Level  the  instrument 
and  fix  the  intersection  of  the  cross-wires  on  the  highest  point  that 


U       A  FIELD-MAlSrUAL  FOR  RAILROAD  ENGHSTBERS. 

can  be  easily  sighted.  Depress  the  telescope  and  fix  a  point  neax 
the  base  of  the  building  at  about  the  height  of  the  telescope.  Un- 
clamp  and  revolve  on  the  vertical  axis  until  the  telescope  reversed 
cuts  the  lower  point.  Clamp  the  plates  and  raise  the  telescope 
until  the  cross-wires  are  at  the  height  of  the  upper  point.  If  they 
cut  it  the  standards  are  in  adjustment.  If  they  do  not,  bring 
them  half-way  back  by  means  of  the  adjustable  screws  at  the  top 
of  one  of  the  standards.     Repeat  ..s  a  test. 

24.  To  Adjust  the  Level  on  Telescope  is  to  make  the  bubble 
stand  at  the  center  of  its  run  when  the  line  of  sight  is  horizontal. 
Bring  the  telescope  as  nearly  horizontal  as  may  be  convenient,  and 
take  readings  on  the  tops  of  two  pegs  in  the  same  vertical  plane 
with,  and  equidistant  from,  the  instrument — say  300  feet.  The 
difference  of  readings  will  equal  the  difference  of  elevation  of  the 
pegs ;  this  difference  may  be  obtained  with  the  wye-level  if  pre- 
ferred. 

Move  the  instrument  to  a  point  beyond  one  of  the  pegs  and  in 
liUe  with  both.  Set  up  as  close  to  nearer  peg  as  convenient,  but 
not  so  close  that  the  rod  cannot  be  easily  read.  Bring  the  tele- 
scope as  nearly  horizontal  as  possible,  and  read  on  both  pegs.  If 
the  difference  of  readings  equals  their  difference  of  elevation  the 
line  of  sight  is  horizontal,  and  the  bubble  may  be  brought  to  the 
center  by  means  of  the  adjustable  screws  attaching  the  level-tube 
to  the  telescope.  If  this  is  not  the  case,  we  must  set  the  telescope 
so  the  reading  on  second  peg  equals  the  reading  on  first  peg  plus 
the  difference  of  elevation  ;  then  read  again  on  first  peg  and  pro- 
ceed  as  before  until  the  condition  is  satisfied.  Or  we  may  proceed 
as  follows : 

In  Fig.  1  let  the  transit  be  at  0,  and  A  and  B  be  the  pegs.  AC 
is  a  horizontal  through  A,  so  that  CB  is  the  difference  of  elevation 


Fia.  1. 


of  A  and  B.     Suppose  line  of  sight  to  cut  the  rods  at  E  and  i>, 
we  must  find  J)G  so  that  the  target  may  be  set  at  the  proper  read- 
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ing  to  make  the  line  of  sight  horizontal.    Let  0F'=  a,  FG  =  h, 
EA  -r,I)B-  r\  GB  =  k.    Draw  DH  parallel  to  GA  and  0Q\ 
then  EH=r  +  k-r\ 
From  similar  triangles 


DO=EH-^  ={r  +  k-i''y    ^ 


) 


Set  the  target  at  a  reading  OB  —  GD  -f-  ^,  sight  to  G,  and  the 
line  of  sight  will  be  horizontal.  Bring  the  bubble  to  the  center  of 
its  run  while  the  telescope  is  in  this  position,  and  the  adjust- 
ment is  complete. 

If  desired,  a  correction  for  the  curvature  of  the  earth  and  re- 
fraction may  be  introduced,  but  for  short  sights  this  is  a  useless 
refinement. 

26.  The  Vernier  is  an  auxiliary  scale  for  measuring  smaller 
divisions  than  those  graduated  on  the  limb.  There  are  two 
classes,  the  direct-reading  and  the  retrograde,  according  as  the 
fractional  parts  of  limb  readings  are  taken  on  that  side  of  the 
zero  of  vernier  scale  towards  which  the  vernier  has  moved  with 
respect  to  the  limb,  or  the  reverse.  On  the  direct  vernier  a  cer- 
tain number  of  divisions  on  the  vernier  equals  the  same  number 
of  divisions  on  the  limb,  less  one  ;  on  the  retrograde  there  is  one 
more  division  on  limb  than  on  vernier  when  the  same  space  is 
covered  by  both. 

26.  The  Least  Count  of  a  vernier  is  the  smallest  subdivision  of 
limb  graduation  that  can  be  read  by  it,  and  equals  the  difference 
of  one  space  on  limb  and  one  on  vernier. 
Let  I  =  value  of  one  space  on  limb  ; 
'0  =  value  of  one  space  on  vernier  ; 
n  =  number  of  spaces  on  vernier. 
Then  for  the  direct  vernier 

from  which  we  get  the  least  count, 

n 
For  the  retrograde  vernier 

/i«  =  (n  +  V^9 
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from  which  the  least  count  is 

the  same  result  as  found  for  the  direct  vernier. 

So,  to  find  the  least  count :  Divide  the  value  of  one  limb  space  by 
the  number  of  spaces  on  the  vernier. 

For  example  :  If  the  limb  of  a  transit  is  divided  to  half-degrees 
and  the  number  of  spaces  on  the  vernier  is  30,  the  least  count 
'will  be  ^  divided  by  30,  or  ^j^  of  a  degree — that  is,  1  minute. 

27.  To  Read  a  Vernier,  take  the  number  of  the  last  division  on 
limb  back  of  the  vernier  zero,  then  look  along  the  vernier  until  a 
line  is  found  to  coincide  with  a  line  on  the  limb ;  add  the  number 
of  this  vernier  line,  multiplied  by  the  least  count,  to  the  scale 
reading,  and  the  result  will  be  the  required  reading. 

C,  Accessor/es. 
(V)  TJie  Oradienter, 

28.  The  Gradienter  consists  of  a  tangent-screw  having  a 
micrometer-head,  attached  to  one  of  the  standards  of  the  transit 
and  capable  of  being  clamped  to  the  horizontal  axis  of  the  tele- 
scope. It  is  used — as  its  name  indicates — in  running  grades,  and 
it  accurately  measures  a  small  vertical  angle  in  terms  of  its  tan- 
gent. The  screw  is  ko  cut  that  one  revolution  moves  the  tele- 
scope through  an  angle  whose  tangent  at  one  hundred  feet  from 
the  instrument  has  a  certain  value,  usually  one  foot.  The  grad- 
uated head  is  divided  into  100  parts,  so  that  one  division  corre- 
sponds to  0.01  ft.  at  100  feet  from  instrument. 

To  run  a  given  gradient,  bring  the  telescope  level  and  read  the 
micrometer-head  of  screw;  then  turn  the  screw  as  many  divisions 
as  there  are  hundredths  of  a  foot  rise  or  fall  in  100  feet,  and  with 
a  target  set  at  the  height  of  the  horizontal  axis,  points  on  the 
surface  corresponding  to  the  given  grade  can  be  found. 

For  example  :  To  run  a  0.75  per  cent  grade,  move  the  n^icrom- 
eter  milled  head  75  graduations  from  the  horizontal. 

When  used  as  a  Telemeter,  we  may  either  measure  the  space 
on  the  rod  moved  over  by  the  line  of  sight  for  a  given  number  of 
revolutions  of  the  screw,  or  we  may  note  the  number  of  revolu- 
tions required  to  move  the  line  of  sight  over  a  certain  space  on 
rod.  The  second  method  is  the  more  accurate,  particularly  for 
long  sights. 


PRELIMINARY   SURVEYS. 


17 


(2°)  The  Stadia,  or  Telemeter. 

29.  The  Stadia  is  an  instrument  for  determining  the  distance 
of  a  point  from  the  observer  by  noting  the  space  intercepted  on  a 
rod  by  a  given  visual  angle,  as  determined  by  two  auxiliary  wires 
parallel  to,  and  equidistant  from,  the  horizontal  wire  of  the  transit 
telescope.  When  used  with  an  ordinary  leveling-rod  the  wires 
should  be  adjustable ;  if  they  are  fixed  (which  for  some  reasons 
is  preferable),  the  rod  must  be  graduated  to  correspond.  In 
addition  to  the  distance  of  a  point  from  the  instrument,  the  differ- 
ence of  elevation  is  determined  by  observing  the  angle  made  by 
line  of  sight  with  the  horizontal  when  the  middle  horizontal  wire 
cuts  a  point  on  the  rod  as  high  above  the  ground  as  is  the  centre 
of  the  telescope. 

The  horizontal  position  of  the  point  is  determined  from  its 
magnetic  bearing,  or  the  azimuth  of  line  of  sight  with  reference 
to  some  fixed  line,  usually  the  north-south  line. 

30.  Line  of  Sight  Horizontal. — In  Fig.  2  let  a  and  h  be  the 
stadia  wires,  AB  the  intercept  on  the  rod.     The  secondary  axes 

A 


Fig.  2. 


a  A  and  hB  pass  through  the  optical  center  0.  Let  h  =  ab^ 
r  =  AB,  d  =  distance  of  cross-wires  from  objective,  Z)  -=  distance 
of  rod  from  objective. 


From  similar  triangles, 


d 


From  optics. 


d  '^  n 


r 
3' 


in  which/ is  the  focal  length  of  objective. 
Eliminating  d  from  these  two  equations. 
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Let  c  be  the  mean  distance  of  objective  from  center  of  instru- 
ment. Adding  tliis  to  D  gives,  for  the  distance  of  the  rod  from 
the  center  of  the  instrument, 


l  =  '+f+ir. 


(2) 


/ 


may  be  made  constant,  when  (2)  becomes 


I  =  a-\-  kr. 


(2-) 


31.  Line  of  Sight  Inclined. — When  the  line  of  sight  is  not 
level  it  is  difficult  to  hold  the  rod  perpendicular  thereto ;  hence 
the  rod  is  held  vertical,  the  angle  of  inclination  measured,  and  a 
correction  applied.     In  Fig.  8 


Fig.  3. 

let  r  =  CD  be  the  reading  on  rod  held  vertical ; 

r'  =  FE,  the  reading  perpendicular  to  Kne  of  sight ; 
H=  AO,  the  horizontal  distance  from  Aio  B\ 
V=  BOf  the  difference  of  elevation  between  A  and  B ; 
n  =  BAO,  the  angle  of  inclination  of  line  of  sight. 

Assume  angles  AFB  and  AEB  =  90',  from  which  they  rarely 
differ  more  than  15'  to  17'.     Then,  since  FBC=  n, 


T  =r  cos  n. 
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By  (y),  AB  =  a  +  k'/. 

Hence  AB  =  a'\-  kr  cos  n. 

From  triangle  ABG 

H  =  AB  cos  n 

.*.  fi"  =  a  cos  n  +  A;r  cos*  n (3) 

F=  -45  sin  n\ 
.  •,  F  =  a  sin  n  +  A;r  sin  n  cos  n. 

But  2  sin  n  cos  n  =  sin  2n. 

Hence  F=  o  sin  w  +  |A;r  sin  2/1 (4) 

32.  The  Instrumental  Constant  a  [~  c-^f  ot  (2)]  may  be 
found  by  measuring  the  distance  from  center  of  instrument  to 
mean  position  of  objective,  which  equals  c ;  then  focusing  on  a 
very  distant  object,  preferably  a  star,  and  measuring  from  center 
»f  objective  to  plane  of  cross- wires,  which  equals/.  The  sum  of 
these  distances  is  a  in  formulas  (3)  and  (4). 

If  the  stadia  wires  are  fixed,  k  may  be  found  by  measuring  for- 
ward on  level  ground  the  distance  a  from  plumb-line,  and  from 
this  point  a  further  distance  b ;  then  note  carefully  the  stadia 
reading  r  when  the  telescope  is  level.    Thien,  remembering  (2)', 

o  +  6  =  a  +  *^- 

.  *.  A;  =  — ,  a  constant  ratio. 
r 

If  the  stadia  wires  are  adjustable,  we  may  so  adjust  k  that  any 
desired  reading  may  be  had  for  a  given  length  of  base.  A  con- 
venient value  of  k  is  100,  which  corresponds  to  an  intercept  of 
1  foot  on  the  rod  at  100  feet  from  a  point  a  feet  in  front  of  the 
instrument,  2  feet  at  200  feet  in  front,  etc. 

33.  A  Stadia  Table  based  on  formulas  (3)  and  (4)  is  published 
by  the  D.  Van  Nostrand  Company  in  Winslow's  Stadia  Survey ing^ 
and  can  be  used  more  rapidly  than  the  formulas.  Johnson's  Re- 
duction  Diagram,  by  John  Wiley  &  Sons,  gives  values  of  H  and  V 
graphically.  Stadia  slide-rules  of  various  types  are  now  on  the 
market  which  admit  of  rapid  determination  of  Fand  of  a  correc- 
tion to  be  applied  to  the  apparent  distance  AB  to  determine  H. 
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D.  Field-work. 

34.  Station  Numbers  should  begin  with  zero  for  the  initial 
stake,  and  are  marked  on  rear  side  of  stake,  from  the  top  down- 
ward, the  number  of  the  preliminary,  At  B,  G,  stc.,  being  marked 
on  the  forward  side.  The  marking  should  be  with  kiel,  or  crayon 
that  will  withstand  the  action  of  sun  and  rain.  Stakes  may  be 
set  every  hundred  feet  or  only  at  even  stations,  as  preferred. 

36.  Hubs,  or  Plugs,  are  transit  turning-points,  and  are  short, 
flat- topped  stakes  driven  into  the  ground  flush  with  the  surfaca 
The  flag  is  held  on  the  top  and  carefully  aligned,  the  position  of 
the  point  being  marked  by  a  tack.  A  special  tack  with  concavt' 
head  offers  a  foothold  for  point  of  flag  when  used  in  backsight- 
ing.*  About  10  inches  to  the  left  of  and  with  numbered  sid* 
facing  the  hub  is  driven  a  guard-stake  to  mark  its  position. 

36.  Reference-points  are  two  or  more  hubs,  with  guard-stakes 
in  each   of  two  lines  making  a  good  intersection  angle  at  th% 
point  whose  position  they  serve  to  locate.     They  should  be  drivej\ 
beyond  reach  of  disturbance,   and  are  used  in  replacing  a  diff 
locate'd  hub. 

These  need  rarely  be  used  on  preliminary. 

37.  Alignment. — It  is  not  intended  that  the  preliminary  ant\ 
location  lines  occupy  exactly  the  same  position  ;  hence  consider- 
able  latitude  is  allowable  in  the  size  and  number  of  angles 
turned,  care  being  taken,  however,  that  the  maximum  curvature 
need  not  be  exceeded  on  location.  Large  trees  and  other  obstruc- 
tions  may  be  avoided  by  turning  a  small  angle  until  the  obstacle 
has  been  passed,  then  making  a  deflection  in  the  opposite  sense. 
Bearings  of  tangents  are  taken  with  the  needle,  to  serve  as  a 
check  on  the  angle  read  on  the  plates. 

In  easy  country  not  requiring  a  topographic  party  large  angles 
should  not  be  turned,  a  succession  of  small  ones  with  short  inter- 
vening tangents  being  substituted  in  order  to  make  the  prelimi- 
nary profile  approximate  more  closely  to  the  location  profile. 
These  short  tangents  may  conveniently  bo  the  long  chords  of  the 
curve  that  is  to  follow. 

*^  Such  a  tack  is  inanufuctured  by  iho  A.  S.  Aloe  Co.,  St.  Louis. 
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38.  The  Transit  Notes  may  be  kept  in  the  form  below,  which 
shows  both  pages  of  the  note -book.  The  notes  run  from  the 
bottom  up,  the  right-hand  page  being  reserved  for  sketches  ;  the 
red  line  up  the  middle  of  the  page  represents  the  transit  line, 
whether  straight  or  broken,  to  which  the  sketches  must  be 
adjusted. 


Sta. 

Angle. 

68 

67© 

20"  (y  L. 

66 

65 

64 

63© 

e-S'R. 

6-2 

61 
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Course. 


N.  1°  48'  W. 


N.  18»  12'  E. 


Magnetic 
Course. 


N.  !•  45'  W. 


N.  18°  15'  E. 


Remarks  and  Sketches. 


0 
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39.  Stadia  Methods  for  Preliminary  Surveys. — Preliminary 
lines  are  usually  run  with  the  transit,  but  the  compass  will 
answer  nearly  as  well  in  most  cases,  besides  admitting  of  more 
rapid  work.  The  transit  and  stadia  method  might  well  be  em- 
ployed, and  would  effect  considerable  saving  in  the  cost  of  pre- 
liminary surveys.  For  some  reason  railroad  engineers  have  not 
regarded  it  with  favor,  though  it  is  extensively  employed  in 
topographic  surveying  where  the  map  is  to  be  used  for  work  that 
is  often  more  precise  than  needed  for  railroad  preliminaries. 

Particularly  is  this  method  applicable  to  exploration  lines. 
With  the  transit  and  stadia  the  entire  surveying  corps  need  not 
exceed  five  or  six  men,  the  instrument  man  acting  as  transitman, 
leveler.  and  topographer  all  in  one.  The  only  objection  would 
seem  to  be  in  the  amount  of  reduction  the  notes  would  need; 
however,  with  tables  and  slide-rule  (see  33)  this  work  may  be 
very  rapidly  done.  For  vertical  angles  of  less  than  one  degree 
the  horizontal  reduction  can  be  neglected,  and  with  side  readings 
for  topography  the  angle  may  be  5  or  10  degrees  without  necessi- 
tating the  correction.  Vertical  heights  are  found  by  the  slide- 
rule  or  by  charts. 

This  niethod  would  really  necessitate  the  making  of  a  topo- 
graphic map  along  a  narrow  strip  of  country,  from  which  the 
profile  could  readily  be  taken.  With  a  skilled  observer  and  two 
to  four  rodmen  the  progress  may  be  more  rapid,  and  fully  as 
good  for  the  purpose  intended  as  the  more  expensive  method 
usually  employed. 
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The  transit  need  only  be  set  at  alternate  stations  (which  may  be 
any  length  within  the  reading  limits  of  the  wires),  the  bearings  to 
other  stations  and  points  off  the  line  being  taken  with  the  needle. 
The  horizontal  angle  should  also  be  read  on  the  plates  for  points 
on  stadia  line,  as  a  check  on  the  bearings. 

£.  Obstacles  in  Tangent 

40.  Obstructions  to  vision  and  measurement  in  tangent  may  be 
avoided  in  a  number  of  ways,  a  few  of  which  are  given  in  the 
following  problems.  Other  methods  of  avoiding  them  will  sug- 
gest themselves  in  special  cases. 

The  same  devices  may  be  used  on  location,  but  it  is  more  im- 
portant to  maintain  a  clear  sightway  then  ;  so,  when  possible,  we 
should  remove  the  obstruction. 

41.  To  Pass  an  Obstacle  by  Means  Qf  Parallel  Iiines. — In 
Fig.  4,  0  is  the  obstruction,  AB  the  obstructed  line.     At  B  set 


E                                  F 

Q                                 H 

, 

I 

\ 

3      ^ 

> 

Fio.  4. 

transit ;  turn  90"  and  measure  BF  long  enough  to  clear  obstruc- 
tion. Set  transit  at  F,  make  BFO  =  90°,  and  measure  FG, 
Move  to  O  and  backsight  to  F^  making  FOG  =  90".  Measure 
G.C=  FB,  and  move  to  C,  where  the  angle  OCD  is  made  equal 
to  90".     CD  is  the  desired  line,  and  BG  =  FO, 

Otherwise,  &t  A  and  B  erect  perpendiculars;  take  BF=AE; 
produce  EF,  and  at  O  and  H,  beyond  0,  erect  perpendiculars  mak- 
ing (?C  =  ED  =  FB,    GD  will  be  the  desired  line,  and  BG  =  FG. 

42.  To  Pass  an  Obstacle  by  Angular  Deflections. 

General  Case.    Angle  anything  less  than  90". 

At  B  (Fig.  5)  on  the  obstructed  line  deflect  an  angle  a  to  one 
side  and  measure  BG,  taking  G  so  that  after  deflecting  2a  to  the 
other  side  CZ)  will  clear  the  obstruction.  Make  GD  =  BG  tjn^ 
deflect  an  angle  a  to  the  same  side  as  at  £;  DE  will  lie  in  AB 
produced.     Draw  C£f  perpendicular  to  BD\  then 

BD  =  BH+HD  =  %BG   cos  a (6) 
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Example.— Suppose  a  =  14°  10',  BG  =  CD  =  5iX  ft. 
BJ9  =  3  X  530  X  0.90959  =  1008.37  feet. 

Special  Case.    Angle  60  degrees. 

In  tliia  case  tlie  triangle  BJ?F(Fig,  6)  is  equilateral  and  BF  = 
BD  =  DF. 

Should  it  be  inconveDient  to  run  to  J7  we  may  stop  at  C,  having 
ineasnred  BC.     At  C  deflect  60°  and  meaaure  C£!;  at  H  again  de- 


flect 60°  and  make  £!F=  BC.     At  Fa  final  deflection  of  60°  in  the 

opposite  sense  will  put  the  telescope  in  the  desired  line,  FO,  and 

BF=BC+OE- (5«) 

43.  To  Past  an  Obstruction,  aucb  as  a  River,  when  the  Pre- 
ceding Methods  are  Inapplicable. 

FiBBT  Case.     Point  beyond  obatruetton  vh&k. 

In  Fig.  7  let  BC  be  required 


tbe  perpendicular  BD ;  set  iustrDmeut 
igle  SBC  -  a  .  then 

BC=BI)ttJia. (6) 
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Or,  if  a  trtgoDoiiietric  t&ble  is  not  at  band,  makeCDE=iO°  and 
fir  the  point  E  where  DE  intersects  AB ;  measuring  EB  tliere 
reeultB,  frojn  similar  triangles, 

CB_Rp 
BD  ~  KB- 


whence 


CB 


BD' 


Ifia) 


Otherwm,  if  a  ri^ht  angle  at  B  is   not  convenient,   measure 
angles  CBD  =  b.  BDa=  a,  and  side  BD.    Then  c  =  180°-  (a+6). 
From  triangle  BBC, 

BC  =  BD^^ <**) 

BKAMPLE.-0  =  56°,  6  =  70°,  BD  =  400  feel. 

By  (fib).  BC  =  400  ||^-^  =  409.8  feet. 

Secxind  Case.     Foiiit  beyond  obttruHion.  tnmmMe. 
At  B  (Fig.  8)  measure  angle  b  and   Ime  BE    move  to  E  and 
■o  angle  y,  and  set  liuba  on  Ime  EG  im  the  line  BG  will  paas 


t      J 


between  them.     Angle  s  =  ECB  =  180  -  (6  +  y).    Then  from  tri- 
angle BEG 

BG=BE^-^— (7). 

Produce  EB  to  D,  where  DC  will  he  sure  to  clear  obslructjon; 
measure  BD. 

From  triangle  BDG, 

.an  Ha-x)  ^  BC  -  BD 
tan  ^(..-1-^)       BG+BD 
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The  sum  and  difference  of  a  and  x  are  now  known,  so  both  maj 
be  readily  found. 

At  D  set  off  the  angle  a  with  the  transit,  and  have  the  chainmen 
stretch  a  cord  between  the  hubs  set  on  line  EG  at  C.  Now  signal 
the  flagman  to  move  his  rod  along  this  cord  until  the  vertical  wire 
cuts  it  at  6'.  Set  a  hub  here  and  place  the  transit  over  it.  Sight 
to  D  or  E,  reverse  telescope  and  deflect  into  GH. 

If  6  =  90°  the  problem  is  greatly  simplified. 

Article  4. — The  Level  Party. 

44.  The  Level  Party  consists  generally  of  two  members,  the 
Jeveler  and  a  rodman ;  sometimes  an  axeman  is  added  to  keep  the 
lodman  supplied  with  pegs  for  turning-points  and  in  clearing  the 
line  of  sight  for  the  level.  As  the  party  follows  the  transit  little 
or  no  clearing  will  be  needed.  The  instruments  used  are  a  level, 
A  rod,  and  a  hand -axe  or  hatchet. 

45.  The  Leveler  makes  all  necessary  observations  with  his 
instrument,  keeping  a  neat,  accurate  record  of  readings  and  ele- 
vations ;  also  the  positions  and  elevations  of  benches  and  turning- 
points.  He  should  work  out  elevations  of  stations  while  the  rod- 
man  is  going  from  one  station  to  the  next ;  he  must  see  that  the 
rodman  gives  him  readings  at  points  where  the  longitudinal  slope 
changes  suddenly;  recording  the  plus.  He  must  plot  his  profile 
at  night,  or  at  such  times  as  the  chief  of  party  is  likely  to  need  it. 
The  rodman 's  readings  at  turning-points  should  be  checked. 

46.  The  Rodman  holds  his  rod  at  each  station,  calling  out  the 
number.  If  slakes  are  set  only  at  even  stations,  he  must  hold  his 
rod  midway  between  stakes,  the  point  being  found  by  pacing  the 
distance.  Target-readings  need  only  be  taken  at  turning-points 
and  benches,  and  the  rodman  should  keep  a  record  of  these  in 
his  **  peg- book,*'  checking  the  calculations  of  leveler  for  heights 
of  instrument  and  elevations  of  turning-points  At  any  marked 
surface  change  he  will  hold  his  rod,  calling  out  the  plus  to  leveler. 
He  must  assist  the  leveler  in  plotting  up  the  notes. 

A.  Adjustments  of  the  Level. 

47.  To  Adjust  the  Line  of  Collimation  is  to  bring  the  inter- 
section of  the  cross-wires  into  the  optica!  axis  of  the  telescope. 

Set  up  and  level  the  instrument,  then  bring  the  vertical  wire 
into  coincidence  with  a  pUmb  line  or  vertical  ecjge  of  a  building, 
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at  the  mean  length  of  sight,  and  note  if  the  vertical  wire  is  truly 
parallel  thereto.  If  it  is  not,  loosen  the  capstan -headed  screws 
holding  cross- wire  ring  and  turn  slightly  so  that  the  wire  is 
parallel  to  the  vertical  line. 

Loosen  the  wye-clips  and  bring  the  vertical  wire  into  coin- 
cidence with  the  line  and  clamp  the  instrument.  Rotate  the 
telescope  in  the  wyes  180°  and  note  if  the  wire  coincides  with  the 
line.  If  not,  correct  one  half  the  error  by  loosening  one  and 
tightening  the  opposite,  of  the  capstan-headed  screws  that  hold 
the  cross-wire  ring  in  place,  remembering  that  the  image  of 
the  cross  wires  is  inverted  by  the  eyepiece. 

Turn  the  telescope  until  the  horizontal  wire  is  parallel  to  the 
plumb-line  or  edge  of  building,  and  make  the  same  test  and 
correction.  Repeat  for  both  wires.  The  horizontal  wire  is  the 
one  on  which  the  accuracy  of  leveling  depends,  but  it  is  wise  to 
have  both  adjusted.  Their  intersection  should  remain  on  a  point 
during  a  complete  rotation  of  the  telescope  in  the  wyes. 

48.  To  Adjust  the  Level-bubble  is  to  bring  the  axis  of  th« 
level- tube  into  the  same  vertical  plane  with  the  line  of  collimation, 
and  to  make  the  bubble  stand  at  the  center  when  the  line  of  sight 
is  horizontal.  • 

Since  the  axis  of  the  telescope  coincides  with  the  line  joining 
the  center  of  the  wye-rings  (which  requires  these  to  be  of  the 
same  size),  it  is  sufficient  to  make  the  axis  of  the  bubble  parallel 
to  this  line. 

{a)  With  the  telescope  over  one  diagonal  pair  of  leveling- 
screws  and  the  clips  loosened,  bring  the  bubble  to  the  center  of 
its  run  ;  then  turn  the  telescope,  in  the  wyes,  a  little  to  either  side 
of  the  vertical  plane  through  the  telescope  and  note  if  the  bubble 
remains  at  the  center.  If  not,  correct  the  error  by  means  of  the 
screw  at  eud  of  the  level-tube  case  arranged  for  lateral  movement. 
Repeat  until  the  tube  may  be  rotated  half  an  inch  or  more  to 
either  side  of  vertical  without  movement  of  the  bubble.  This 
adjustment  is  made  merely  to  prevent  error  from  failure  to  set 
level-tube  vertically  beneath  telescope. 

(6)  With  the  wye-clips  opened  well  out,  again  bring  the  bubble 
to  the  center  of  its  run  ;  remove  the  telescope  from  wyes  and 
turn  it  end  for  end,  then  carefully  replace  it  in  the  wyes.  Should 
the  bubble  fail  to  remain  at  the  center,  bring  it  half -way  back  by 
raising  the  lower  or  depressing  the  higher  end  of  tube  at  the 
points  of  attachment  to  telescope.    Relevel  and  repeat  aa  a  test. 
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49.  To  Adjust  the  Wyes  is  to  make  the  axis  of  the  telescope 
perpendicular  to  the  vertical  axis.  With  the  wye-clips  closed 
place  the  telescope  over  one  pair  of  leveling-screws  and  bring  the 
bubble  to  the  center  of  its  run  ;  then  turn  the  telescope  half-way 
round  on  its  vei'tical  axis,  so  that  its  ends  have  changed  places. 
If  there  is  any  error,  correct  by  bringing  the  bubble  half-way  back 
to  center  by  means  of  the  screws  connecting  wyes  witb  level-bar. 
Repeat  until  the  bubble  remains  in  the  center  during  a  complete 
revolution. 

B.   Theory  of  Leveling. 

50.  When  the  level  has  been  adjusted  the  line  of  collimation 
will  describe  a  plane  parallel  to  the  horizontal  plane  tangent  to 
he  earth's  surface  at  the  point  where  the  instrument  is  placed. 

«i  level  surface,  such  as  the  surface  of  still  water,  will  coincide 
«vith  this  plane  only  at  the  point  of  tangency,  and  will  depart 
farther  and  farther  therefrom  as  the  point  considered  recedes 
from  the  instrument.  For  short  sights  this  difference  may  be 
neglected  in  railroad  work,  as  will  presently  be  shown,  but  for 
long  sights  a  correction  must  be  applied. 

The  effect  of  curvature  is  to  make  objects  appear  lower  than 
they  really  are,  while  the  refraction  of  a  beam  of  light,  due  to 
the  greater  density  of  the  layers  of  air  nearest  the  earth's  surface, 
has  a  contrary  effect.  Experience  shows  the  average  error  due 
to  refraction  to  be  about  one  seventh  of  that  due  to  curvature. 

61.  The  XSrror  due  to  Curvature  at  any  point  is  the  deviation 
of  a  tangent  line  from  true  level,  as 
the  point  recedes  from  the  point  of  "" 
tangency. 

Let  0  be  the  center  of  the  earth,  T 
the  point  of  tangency,  and  iVthe  point 
where  the  error  due  to  curvature  is 
desired.  Let  the  notation  be  as  shown 
in- Fig.  9.  From  the  right  triangle 
OTP,  we  have 


From  which 


Fig.  9. 


c  = 


<« 


Now,  since  e  is  always  very  small  compared  with  2iJ,  the 
quotient  resulting  from  the  division  of  f*  by  %R  will  not  differ 
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sensibly  from  that  obtaiued  by  dividiug  by  2R  +  e.    Therefore 
we  write 

(9) 


e  = 


2R 


1    _  6     _  3  ^« 


For  t  =  1  mile,  R  =  3963  miles,    c  —  about  8  inches.     Hence 
for  any  other  distance  in  miles  we  have,  for  c, 

c  =  8  X  <*  inches (9a) 

The  correction  for  refraction  is  about  -c,  hence  we  have, 
from  (9), 

or,  closely  enough, 

C  =  .8jc (10) 

Example —Whjit  is  the  correction  for  a  half-mile  sight? 
For  one  eighth  of  a  mile? 

By  (9a),        c  =  8  X  (J)*  =  2"  for  first  case, 
and  c  =  8  X  (\f  =  0".125  for  second  case. 

By  (10)  the  final  correction  is 

c  =  0.85  X  2  =  1".7  for  first  case, 

c  =  0.85  X  0.125  =  0.106"  for  second  case. 

52.  The  Difference  of  Elevation  between  two  points  not  so 
far  apart  but  that  a  rod  may  be  read  on  each  from  some  inter- 
mediate point  may  be  readily  found  from  these  rod-readings. 

In  Fig.  10  let  the  instrument  be  at  i,  A  and  B  the  points 
whose  difference  of  elevation  is  desired.  Let  r  =  AD,  r  =  BC. 
Since    the   line   of   sight,  DCy    is  horizontal,  the  difference  of 

C 


Fio.  10. 

elevation  will  evidently  be  r^  —  r.  When  the  distance  from 
/  to  A  equals  that  from  I  to  B  the  errors  due  to  curvature 
evidently  balance. 


PRELIMINARY   SURVEYS. 


29 


When  the  points  are  so  situated  that  the  rod  cannot  be  read 
on  both  from  one  intermediate   position  of  the  instrument,  an 


Fig.  11. 

auxiliary  point  or  points  must  be  used  and  readings  taken  on 
these  points  in  pairs.  Thus  in  Fig.  11  suppose  the  difference 
of  elevation  of  ^  and  ^  required  : 

With  the  instrument  at  /  read  on  A  and  some  intermediate 
point  E,  Considering  the  backsights  as  plus  and  foresights  as 
minus,  the  difference  of  elevation  of  A  and  ^is  AD  —  FE. 

Again,  with  the  instrument  at  I'  the  difference  of  elevation  of  ^ 
and  B  is  OE  —  GB.  The  sum  of  these  differences  equals  the  dif- 
ference of  elevation  of  A  and  B,  and  may  be  written  (AD  -^  OE) 
—  {EF-}-  OB),  or,  in  general,  the  sum  of  the  backsights  less  the  sum 
of  the  foresights  equals  the  difference  of  elevation, 

C.  Field-work. 

63.  A  Datum  is  a  level  surface  so  taken  that  it  shall  He  below 
the  lowest  point  likely  to  be  reached  by  the  profile,  to  which  the 
surface  elevations  are  referred.  It  is  often  spoken  of  as  the 
datinn  Hue  or  datum-plane,  and  is  the  zero  of  elevations. 

64.  A  Bench- mark  is  a  permanent  mark,  such  as  a  copper  or 
other  bolt  let  into  the  top  of  a  solidly  fixed  stone,  whose  height 
above  the  datum  is  known;  it  may  be  simply  a  mark  on  a  stone, 
or  a  tack  driven  into  the  projecting  root  of  a  tree,  upon  which 
the  rod  may  be  read.  In  any  case  it  must  be  so  situated  that  it 
cannot  change  its  elevation  nor  is  likely  to  be  disturbed  within 
the  time  for  which  it  is  intended  to  be  used  as  a  standard  of 
reference. 

The  elevation  should  be  marked  on  some  object  adjacent  to 
the  bench,  with  the  letters  B.  M.  indicating  the  nature  of  the 
j>oint. 
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66.  The  Field-work  consists  in  finding  the  eleyation  of  a 
number  of  points  on  the  line  established  by  transit  party  suffi- 
cient to  give,  when  plotted,  a  fairly  correct  outline  of  the  surface 
as  seen  in  profile. 

A  bench-mark  is  taken  at  the  beginning  of  the  line,  and  its  dis- 
tance above  mean  sea-level  or  other  datum  is  known  or  assumed. 
The  level  is  set  with  one  pair  of  leveling  screws  in  the  line  to  be 
run  (in  order  that  any  change  in  the  position  of  the  bubble  may 
be  etisily  corrected),  and  the  rod  is  read  on  the  bench.  This  read- 
ing plus  the  elevation  of  bench  gives  the  height  of  instrument 
(U.  I.)  above  tbe  datum. 

Readings  are  taken  at  every  hundred  feet  along  the  line,  or 
oftener  if  the  surface  changes  greatly,  until  a  point  is  reached 
beyond  which  it  is  desired  to  move  the  level.  A  peg  is  driven 
firmly  into  the  ground  and  the  rod  read  oa  this ;  the  height  of 
instrument  less  the  rod  reading  will  give  its  elevation,  as  it  will 
for  the  intermediate  points.  This  point  is  a  temporary  bench 
and  is  called  a  turning-point.  It  should  be  marked  by  a  guard- 
stake  if  it  is  desired  to  use  it  again.  The  instrument  is  now  car- 
riud  beyond  the  turning-point,  set  up,  and  the  whole  process 
repeated.  Benches  and  turning  points  should  be  read  to  hun- 
dredths or  thousandths  of  a  foot,  intermediate  points  to  tenths. 
Turning-points  are  marked  0  or  T.  P.  in  the  notes,  and  their 
positions,  as  also  the  bench-marks,  noted  by  both  leveler  and 
rod  man  in  their  note-books. 

66.  The  Level  Notes  may  be  kept  in  any  convenient  form 
that  is  easily  understood.  The  following  is  used  more  exten- 
sively, perhaps,  than  any  other: 


Remarks. 


St  a. 

B.  S. 

H.I. 

F.  S. 

Elev. 

B.  M. 

5.613 

205.613 

•  ■  •  • 

200.0 

0 
1 
2 
3 
4 

•  •  •  • 

•  •  •  • 

•  •  •  > 

•  •  •  ■ 

•  •  •  • 

•  •  •  • 

•  •  •  • 

2.3 

0.8 
5.7 
7.8 
99 

203.3 
204.8 
199.9 
197.8 
195.7 

0 

1.120 

196.310 

10.423 

195.190 

5 
6 

•  •  •  • 
.  ■  •  • 

•  •  •  • 

•  •  •  • 

6.3 
4.5 

190.0 
191.8 

B.  M.  on  root  of 
right  of  line. 


L.  O.  tree  W  to 


(  On  peg  at  4  +  30"  -  SO' to  left  of  line, 
(     by  small  P.  O.  tree. 


Here  the  elevation  of  the  datum  was  taken  20Q  00  feet  below 
the  first  bench-mark.    The  insti-ument  was  set  up  near  Station  3, 
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And  a  reading  of  5.613  taken  on  the  bench;  this  was  written  in 
the  B,  8.  column,  and  when  added  to  the  elevation  of  the  bench 
gives  the  height  of  instrument,  205.613.  A  reading  of  2.3  was 
taken  on  Sta.  0,  recorded  in  the  F.8.  columu,  and  when  sub- 
tracted from  the  H.L  yields  an  elevation  of  203.3.  The  eleva- 
tions of  other  points  were  determined  in  the  same  way.  A  little 
beyond  Station  4  the  rodman  drove  a  peg  and  held  the  rod  on  it, 
yielding  a  reading  of  10.423  and  an  elevation  of  195.190.  The 
instrument  was  then  moved  to  a  point  near  Station  7  and  a  read- 
ing of  1.120  taken  on  the  peg;  this  added  to  195.190  made  the 
new  JET.  /.  196.310,  and  the  process  continued  with  this  H,  L 

In  most  cases  it  will  be  sufficient  to  read  benches  and  turning- 
points  to  hundredths  and  intermediate  points  to  tenths. 

It  will  be  seen  from  the  notes  that  any  error  in  a  turning-point 
causes  the  same  error  in  all  succeeding  points.  To  guard  against 
this  the  rodman  is  required  to  keep  a  **  peg-book,"  in  which  the 
heights  of  instrument  and  elevations  of  turning-points  are  re- 
^rded,  and  which  must  check  with  the  leveler's  record. 

67.  Wind  and  sunshine  affect  the  accuracy  of  the  work  with 
the  level,  as  is  also  the  case  with  the  transit.  For  very  great 
accuracy  a  calm,  cloudy  day  is  the  best,  but  the  railroad  engineer 
cannot  always  choose  the  best  times  for  his  work,  and  must  take 
•'vuch  precautions  as  may  be  possible  while  he  exercises  the  great- 
est care  to  prevent  and  detect  errors.  The  adjustments  should 
be  tested  at  least  once  a  week,  even  when  the  greatest  care  has 
been  taken,  for  unequal  expansion  and  other  causes  may  con- 
spire to  cause  them  to  change. 

By  making  foresights  and  backsights  to  turning-points  about 
equal  the  error  due  to  curvature  will  be  eliminated;  the  readings 
of  rodman  at  these  points  should  also  be  checked.  The  rodman 
should  hold  his  rod  vertical,  which  is  sometimes  accomplished 
by  means  of  a  level  attached  to  rod;  or  the  leveler  can  tell  by  his 
vertical  wire  when  the  rod  is  in  the  same  vertical  plane  with  the 
instrument,  and  by  causing  the  rodman  to  wave  his  rod  back  and 
forth  slowly,  after  clamping  the  target,  he  can  tell  if  the  hori- 
zontal wire  just  bisects  the  target  at  its  highest  position. 

68.  The  Rod  should  be  graduated  to  feet  and  tenths,  reading 
by  target  at  turning-points  and  benches;  intermediate  readings 
are  made  by  the  leveler  at  his  instrument.  Strength  and  dura- 
bility are  essential  qualities.    The  Philadelphia  rod  seemi  to 
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aDSwer  the  purpose  as  well  as  any  other  now  manufactured;  the 
Troy  rod  may  be  used  in  the  same  manner  as  the  Philadelphia 
rod,  but  is  lighter  and  less  able  to  stand  rough  usage. 

Article  5.  The  Topographic  Party. 

69.  The  Topographic  Party  follows  the  level  and  secures  all 
the  data  necessary  for  making  an  accurate  contour-map  of  a  strip 
of  country  extending  as  far  each  side  of  the  preliminary  as  may 
be  needed  for  the  intelligent  projection  of  the  location-line. 
This  distance  may  vary  from  50  to  300  or  400  feet,  its  width  de- 
pending on  the  difficulties  to  be  encountered  and  the  degree  of 
precision  with  which  the  preliminar}'  approximates  to  the  final 
location-line.  The  lateral  slope  of  surface  is  obtained  at  the 
stations  of  preliminary  by  means  of  the  hand-level  and  tape,  by 
the  slope-level  or  clinometer,  by  cross  section  rods,  or  by  the 
transit  and  stadia.  Strictly  speaking  the  topography  includes  all 
the  surface  features,  but  for  railroad  work  the  surface  elevations, 
streams,  and  nature  of  surface  are  the  most  important;  it  may 
be  necessary  to  note  the  positions  of  roads,  buildings,  etc.,  and 
should  always  be  done  when  practicable  without  undue  loss  of 
time.  A  pocket  compass  will  be  of  use  in  observhig  the  bear- 
ings of  lines. 

60.  There  are  two  methods  of  recording  the  data  obtained; 
one  by  means  of  notes  and  sketches  in  a  book,  the  other  by 
drawing  the  contours  directly  on  the  field-sheet  as  the  data  are 
obtained.  Station  elevations  can  be  taken  direct  from  the  leveler  a 
notes,  and  constitute  the  base  on  which  the  contour  elcvalio!i& 
rest. 

Suppose  the  hand-level  to  be  used  and  the  notes  kept  in  a  book, 
to  be  afterwards  transferred  to  the  map.  Starting  with  the 
known  center  elevation,  the  topographer  notes  the  height  of  his 
eye  above  the  ground  and  calculates  the  height  of  center  above 
or  below  the  next  contour;  from  this  the  reading  of  the  rod  when 
held  on  this  contour  is  found,  being  the  height  of  station  above 
contour  plus  the  height  of  eye.  He  directs  the  slopeman  in  or 
out  on  a  line  at  right  angles  to  preliminary  until  this  reading  is 
given  by  the  hand-level;  the  distance  out  is  then  measured  and 
recorded,  just  as  in  setting  slope-stakes,  and  the  slopeman  di- 
i-ected  into  position  on  the  next  contour,  in  the  same  manner. 

Thus  if  5-foot  contour- intervals  are  employed,  and  the  station 
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elevation  is  321.6  feet  and  the  height  of  eye  5.3  feet,  we  shall  have 
for  the  reading  at  the  320-foot  contour  5.3 +  (321.6  -  320)=  6.9. 
Motion  the  slopemau  down  the  slope  until  bis  rod  reads  6.9  and 
measure  the  distance  out,  suppose  21  feet.  The  31o-foot  contour 
will  be  5  feet  lower,  giving  a  rejiding  of  11.9,  which  may  be 
found  in  like  manner  at,  say,  80  feet  out.  As  the  rod  reads  only 
to  about  12  feet  the  topographer  must  move  out  to  this  last  point, 
and  with  the  reading  5.3+  5=  10.3  find  the  310-foot  contour  in 
the  same  way.  On  tlie  up-hill  side  the  325- foot  contour  will  be 
found  with  a  reading  of  5.3  -  (325  -  321.6)  =  1.9  feet,  and  other 
contours  in  like  manner. 
The  notes  may  be  written  thus 


Sta. 

Left. 

Center  Elev. 

Right. 

824 

305   310   315   320 
193*  125'   80 '   21 

321.6 

325  830   3a5   340 

27  '   56  '  80 '  112 

The  number  above  the  line  is  the  contour  elevation,  the  num- 
ber below  its  distance  out  from  center. 

If  preferred  the  elevation  can  be  taken  at  regular  distances  out 
and  recorded  as  above;  the  position  of  the  contour  will  then  be 
found  by  interpolation  when  mapping  the  work. 

61.  If  the  topography  is  to  be  plotted  in  as  the  work  progresses 
the  topographer  must  have  a  light  drawing-board  with  a  pocket 
and  flap  on  back  for  holding  the  sheets  on  which  the  transit-line 
lias  been  plotted  the  night  before ;  the  station  elevations  are 
marked  on  the  line  and  the  contour  positions  spotted  in  as  ob- 
tained by  slopemen,  after  which  the  contours  are  sketched  in. 
Points  where  contours  cross  transit-line  are  found  in  the  same 
manner  as  side  points.  The  size  of  the  sheets  will  depend  on  the 
taste  of  topographer  and  size  of  drawing-board;  17x24  to  19x28 
inches  are  good  sizes. 

The  topographer  will  soon  learn  to  guess  at  the  position  his 
contours  will  occupy  at  the  next  station  ahead,  and  will  sketch 
them  in  lightly,  to  be  erased  and  corrected  when  necessary.  It  is 
often  sufficient  to  take  lateral  readings  at  every  second  or  third 
station. 

62,  If  the  Slope  level  is  used,  the  inclination  of  the  surface  Is 
obtained;  then  by  the  use  of  a  scale  constructed  to  show  the 
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horizontal  distance  apart  of  contours,  for  the  given  contour-in- 
terval, for  slopes  varying  from  1°  to  20",  the  position  of  contours 
can  at  ouce  be  spotted  on  the  map.  Wellington  recommends  the 
use  of  the  altazimuth  as  permitting  the  employment  of  either 
method  at  will— the  altazimuth  being  merely  a  hand-level  with 
a  clinometer  attached. 

63.  Cross-section  Rods  are  measuring- rods  10  or  13  feet  long 
carrying  a  level-bubble.  By  placing  one  end  at  the  center, 
bringing  the  rod  horizontal,  uod  noting  the  height  of  the  end  of 
rod  on  the  down- hill  side,  the  slope  may  readily  be  obtained  and 
the  contours  worked  in  as  before.  For  very  rough,  broken 
ground  this  method  may  be  pref  emble  to  either  of  the  others. 

64.  If  the  Transit  and  Stadia  are  employed,  very  elaborate 
topography  may  be  taken  with  very  little  fie W- work,  but  the  ob 
servalions  require  considerable  reduction.    With  a  suitable  topo 
graphic  protractor  and  the  slide-rule  mentioned  In  33,  the  largA 
number  of  points  that  may  be  obtained  from  each  setting  of  the 
transit  may  be  readily  plotted  and  their  elevations  marked  on  the 
plot,  after  which  the  contour-lines  can  be  worked  in,  and  other 
features  mapped.     For  small  vertical  angles  no  horizontal  reduc 
tion  is  needed. 

While  not  generally  favored  by  railroad  engineers  in  the  past, 
this  method  is  probably  the  most  rapid  and  economical  of  any  so 
far  employed  in  topographic  work. 

Article  6.  Preliminary  Estimates. 

65.  After  completing  the  field-work  of  the  preliminary  survej 
the  party  is  usually  disbanded,  only  the  transitmau,  leveler,  and 
topographer  being  retained  to  assist  the  chief  of  party  to  complete 
the  map,  profile,  and  estimate  of  cost. 

66.  The  Map  may  be  drawn  to  any  suitable  scale,  but  less  than 
400  feet  to  the  inch  is  not  to  be  recommended  where  it  must  be 
used  in  projecting  location.  The  transit-line  is  laid  down  first 
and  the  topography  worked  in  afterwards  from  the  field-map  or 
topographer's  notes.  If  it  is  wanted  on  a  continuous  sheet,  the 
transit- line  must  first  be  drawn  on  a  succession  of  small  sheets, 
which  are  added  as  the  plotting  progresses,  a  new  sheet  being 
slipped  under  the  edge  of  the  preceding  and  tacked  down  when 
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required.  The  overlapping  edge  is  marked  by  a  number  of  short 
lines  extending  over  onto  the  sheet  beneath,  to  enable  one  to  re- 
place in  the  proper  position.  When  the  line  has  been  plotted  the 
sheets  are  pasted  together  and  the  whole  shifted  so  as  to  bring  the 
transit-line  over  the  continuous  sheet.  Angular  points  are  then 
pncked  through  and  the  line  drawn  on  the  continuous  sheet. 
Ordinarily  it  will  answer  to  have  the  map  drawn  on  a  succession 
of  small  sheets,  to  be  joined  together  as  required. 

The  plotting  had  best  be  done  by  bearings,  though  it  may  be 
done  from  the  deflection  angles,  provided  care  is  used  to  check 
frequently'  by  bearings.  Otherwise  an  error  in  one  angle  will 
.throw  all  the  remaining  portion  of  the  line  out  of  position. 

If  more  than  one  preliminary  was  run,  they  should  all  be  shown 
on  the  same  sheet  whenever  possible. 

66a.  Land  Line  Ties  should  be  made  on  both  preliminary 
and  location  surveys  at  the  time  the  field  work  is  being  done, 
for  the  reasons  given  in  the  following  paragraphs  supplied  by 
Mr.  C.  M.  Kurtz,  author  of  Modem  Location  of  Standard  Turn- 
oiUs: 

"A  matter  of  primary  importance  in  running  a  location  line 
is  to  properly  co-ordinate  it,  wherever  possible,  to  all  property 
lines  and  comers  and  also  state,  county,  town  and  section 
lines.  In  those  portions  of  the  United  States  and  Canada 
where  the  land  has  been  surveyed  into  townships,  sections, 
etc.,  it  is  very  necessary  to  tie  the  surveyed  railroad  line  to 
the  lines  and  corners  of  the  public  land  surveys. 

"  This  is  a  very  simple  matter  in  some  comparatively  flat  and 
long-settled  portions  of  the  United  States,  where  the  centers 
of  the  county  roads  have  been  established  on  section  lines, 
and  the  section  comers  are  located  at  county  road  intersections. 
In  such  locations  the  survey  station  and  angles  at  which  the 
location  line  crosses  the  land  lines  can  be  observed  by  the  transit 
party  as  it  goes  forward  along  the  line,  and  the  distances  to 
the  comers  can  be  measured  by  two  extra  chainmen.  West 
of  the  Rocky  Mountains,  however,  these  conditions  seldom 
occur,  for  section  lines  are  more  often  than  otherwise  not  defined 
by  either  fences  or  roads,  and  section  comers  will  often  prove 
to  be  lost  or  obUterated.  In  this  c£ise  it  becomes  a  very  im- 
portant fimction  of  the  topographic  party  to  hunt  up  all  corners 
which  can  be  found  in  the  vicinity  of  the  located  line,  and  to 
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make  the  usual  tie  by  survey  station,  angle  of  crossing  and 
distance  to  the  comer.  It  may  be  necessary  to  run  a  random 
section  line  between  corners,  intersecting  it  with  the  railroad 
line,  and  then  from  such  survey  data  obtain  the  tie  to  the  true 
line  by  computation. 

"  If  time  or  conditions  will  not  permit  such  a  survey  to  be 
made,  it  may  suffice  to  make  simple  polar  co-ordinate  ties, 
either  by  a  direct  or  traverse  line,  according  to  conditions, 
to  the  corners  from  some  convenient  point  on  the  located  line. 
In  general,  however,  it  will  be  time  and  money  well  spent  to 
have  land  line  ties  made,  wherever  possible,  from  station  inter- 
section of  section  Une,  angle  and  distance  to  nearest  comer, 
and  to  have  these  ties  made  before  right  of  way  purchase  or 
beginning  of  construction. 

"Where  the  new  railroad  line  traverses  government  owned 
land  it  is  imperative  that  ties  to  the  public  land  survey  lines  and 
comers  be  recorded  on  all  maps  made  for  filing  purposes. 

"^Land  line  ties  enable  the  location  party  draftsman  to  cor- 
rectly map  the  sections,  townships,  etc.,  as  the  location  line 
is  plotted,  and  later  to  show  proper  ownership  of  the  various 
parcels  of  land  crossed  by  the  railroad.  This  is  vitally  im- 
portant in  making  right  of  way  purchases.  The  ownership 
of  unoccupied  but  privately  owned  land  is  best  determined 
from  records  in  the  county  assessor's  office." 

67.  The  Profile  is  drawn  on  specially  engraved  paper,  pref- 
erably a  thin  and  translucent  paper  bearing  orange-colored 
lines  so  as  to  admit  of  blue  printing,  or,  better  still,  on  profile 
tracing  hnen,  also  engraved  with  orange-colored  lines.  The 
scale  adopted  will  depend  upon  the  paper  used,  but  in  nearly 
all  cases  the  vertical  scale  is  greatly  exaggerated  as  compared 
with  the  horizontal.  When  distances  and  elevations  are  meas- 
ured in  feet  both  Plate  "A"  and  Plate  "B"  are  in  common 
use.  Plate  "  A  "  has  vertical  lines  spaced  one-fourth  inch  apart, 
every  tenth  line  being  heavier  than  the  others.  It  has  hori- 
zontal lines  spaced  one-twentieth  of  an  inch  apart,  every  fifth 
line  being  heavier  than  the  intermediate  ones,  and  every  fiftieth 
Line  heavier  still.  For  the  normal  scale  of  the  paper  400  feet  hori- 
sontal  equal  1  inch  and  20  feet  vertical  equal  1  inch.  This 
makes  the  exaggeration  of  vertical  to  horizontal  20  to  1.  This 
jlate  is  more  generally  used  than  is  Plate  **B,"  especially  where 
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rock  work  is  expected.  Plate  "B"  has  the  same  general  plan 
of  engraving  as  Plate  "A"  except  that  the  spacings  are  4X30 
to  the  inch,  as  against  4 X 20  to  the  inch  for  Plate  "A."  Another 
form  of  spacing  is  5X25  to  the  inch,  known  as  Plate  "C," 
which,  however,  is  less  frequently  used.  There  is  also  a  metric 
paper,  graduated  to  millimeters  both  ways,  with  every  tenth 
line  heavier  than  the  others,  which  may  be  used  for  a  variety 
of  purposes.  It  is  especially  adapted  for  use  when  measure- 
ments are  made  in  the  metric  system. 

68.  Preliminary  Estimates  of  quantilics  are  made  by  assuming 
a  grade-line  and  drawing  it  on  the  profile;  then  the  cuts  and  tills 
are  taken  from  the  profile,  and  the  corresponding  quantities  ob- 
tained from  Table  XIX  for  the  base  the  road  is  intended  to  have 
when  completed.  The  nature  of  the  work,  whether  ordinary 
3jirth  or  rock,  can.  of  course,  be  only  roughly  eslimated. 

Bridging  is  estimated  from  the  profile  where  piling  or  framed 
bents  maybe  used,  but  where  piers  and  long  spans  are  needed 
special  surveys  with  soundings  are  required,  Culverts,  drains, 
cattle  guards,  cross-ties,  and  rails  for  main  line  and  sidings, 
switcli  stands,  buildings,  right  of  way.  clearing,  and  other  factors 
entering  into  the  question  of  cost  must  all  be  considered  and 
allowed  for  in  making  up  the  estimate. 

Engineering  expenses  and  unforeseen  outlays  that  are  sure  to 
arise  should  have  a  liberal  allowance. 

69.  The  Report  of  the  chief  of  party  should  set  forth  the  ad- 
vantages and  probable  cost  of  each  of  the  several  lines  run 
when  there  is  more  than  one.  On  this  report  frequently  depends 
whether  or  not  the  line  is  to  be  located,  and  it  should  be  clear 
and  exhaustive,  though  plainly  and  concisely  worded.  The  map 
an<l  profile  form  an  integral  part  of  the  report  and  show  frou} 
what  data  the  estimates  were  derived. 


CHAPTER  III. 
LOCATION, 

Article  7.     Projecting  Location. 

70.  After  the  preliminary  has  been  mapped  and  the  topography 
worked  in,  the  engineer  proceeds  to  make  a  paper  location  for  his 
guidance  in  the  field.  The  solution  of  the  varied  and  complex 
problems  that  confront  hira  are  more  or  less  interdependent. 
The  guiding  principle,  applicable  to  all  departments  of  engineer- 
ing, that  the  heat  structure  is  that  which  for  the  least  cost  best  an- 
swers the  purpose  for  which  it  was  intended,  should  control,  even 
though  the  resulting  structure  be  inferior,  in  point  of  scientific 
design,  to  some  other.  The  best  road  as  regards  construction  and 
grades  may  be  a  failure  because  of  excessive  first  cost,  while 
the  cheapest  construction  will  entail  such  heavy  operating  ex- 
penses that  it  may  be  equally  unprofitable.  The  alignment  must 
be  as  free  from  curves  as  possible,  while  heavy  grades  are  at  the 
same  time  excluded;  these  two  requirements  conflict  and  must 
be  as  well  adjusted  as  possible.  The  amoant  of  earthwork,  of 
bridging  and  other  structures  must  be  kept  down  to  the  lowest 
limits. 

71.  Starting  at  the  summit  of  the  most  difficult  portion  of  the 
route,  assume  a  starting-point  and  elevation;  with  the  dividers  set 
at  such  a  distance  to  the  scale  of  the  map  as  will  give  a  fall  of  one 
contour  space — or  half  space — for  the  assumed  grade,  step  down 
the  slope  in  such  a  way  that  the  dividers  fali  each  time  on  the 
next  lower  contour,  or  half -space,  according  to  the  fall  assumed  in 
setting  dividers.  If  curve  compensation  is  allowed,  the  dividers 
must  be  reset  for  each  curve,  for  the  same  fall,  since  the  grade 
will  be  slackened  on  curves.  The  points  at  which  the  dividers 
fall  are  lightly  spotted  on  the  map  and  connected  by  a  grade 
contour,  which  represents  the  surface- line  having  the  required 
gradient.  This  line  will  be  too  broken  to  be  used  as  a  location- 
line,  so  we  have  then  to  draw  on  the  map  a  succession  of  curves 
and  tangents  that  will  approximate  sufllciently  close  to  it,  at  the 
same  time  that  a  proper  balance  is  maintained  between  earthwork 
and  curvature. 

Having  lightly  plotted  the  proposed  line,  the  elevations  are 
Vransf erred  to  profile-paper,   thus  giving  a  profile  of  the  line. 

38 
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With  a  fine  thread  stretched  along  the  profile,  to  represent  the 
grade-line,  adjust  the  cuts  and  fills  to  suit  the  nature  of  the  work, 
lu  general,  fills  are  cheaper  than  cuts  both  in  construction  and 
mnintenance;  and  especially  is  this  true  where  a  shallow  surface 
layer  of  earth  is  underlaid  by  rock.  It  may  happen  that  the 
material  from  excavation  must  be  used  in  embankment,  when 
the  cuts  and  fills  must  be  made  to  balance  by  shifting  the  grade- 
line  until  this  appears  to  be  the  case  on  the  profile. 

At  the  stream  crossings  the  grade-line  must  be  kept  safely 
above  high-water  mark,  so  that  sufi^cient  waterway  is  provided, 
and  allowance  made  therefor. 

After  locating  the  most  difficult  portions  pass  on  to  the  easier 
work,  returning  later  on  to  study  the  effect  this  will  have  on  the 
jmrt  first  located.  It  may  be  necessary  to  go  over  the  projection 
several  times  before  you  can  be  reasonably  sure  that  the  best  loca- 
tion has  been  projected ;  even  then  the  study  of  the  line  in  the 
field  will  cause  many  of  the  details  to  be  altered,  sometimes 
materially. 

Long  grades  are  to  be  preferred  to  short  ones,  but  questions  of 
economy  may  necessitate  the  latter  in  order  to  lighten  work;  care 
must  be  taken  that  the  grades  are  not  so  badly  **  chopped"  that 
they  interfere  with  the  easy  riding  of  the  train. 

In  projecting  the  line  it  will  generally  be  best  to  strike  the 
curves  first  and  draw  the  tangents  afterwards,  though  it  some- 
limes  happens  that  long  tangents  will  control  the  curves;  when 
this  is  the  case  the  tangents  are  drawn  to  intersection  and  the 
curves  afterwards  put  in. 

When  transition-curves  are  employed,  a  slight  offset  should  be 
made  at  the  beginning  and  end  of  curves  to  allow  for  their  inser- 
tion in  the  field.  These  offsets  will  be  so  small  that  it  is  useless 
to  attempt  to  show  them  to  scale. 

72.  A  Ourve-protractor  will  be  of  material  assistance  in  find- 
ing the  degree  of  curve  required  to  unite  two  tangents  that  have 
been  laid  down  on  the  map.  It  consists  of  a  transparent,  semi- 
circular protractor  having  a  series  of  curves  from  30'  up  to  8* 
plainly  cut  upon  it.  The  curves  are  on  both  sides,  those  on  the 
reverse  side  having  their  concavities  turned  in  an  opposite  sense 
from  those  on  the  face.  The  scale  is  usually  400  feet  to  the  inch, 
and  in  any  case  the  map  and  protractor  must  be  drawn  to  the 
same  scale.  Sometimes  a  set  of  cardboard  or  hard-rubber  curves 
are  used,  but  they  are  inferior  to  the  curve-protractor.     To  use 
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it,  simply  prolong  tangents  to  intersection  and  then  place  the 
protractor  so  that  the  curve  admitting  of  the  best  grade  is  tan- 
gent lo  the  two  straight  lines.  Mark  the  pohils  of  tnugency, 
which  will  be  the  beginning  and  end  of  curve.  When  the  curve 
is  required  to  pass  through  a  given  point  tlie  proper  curve  may 
be  immediately  found  by  trial,  whereas  the  calculations  would 
require  some  little  time. 

Reversed  curves  should  never  be  allowed  on  main  lines.  Suffi- 
cient tangent  should  be  interposed  to  allow  space  for  easing  off 
the  superelevation  of  outside  rails,  or  for  the  insertion  of  tran- 
sition-curves when  these  are  to  be  employed. 

73.  The  Field  Corps  is  substantially  that  required  on  the  pre- 
liminary survey,  and  the  methods  of  work  pretty  much  the  same, 
except  that  curves  must  now  be  run  in,  and  this  necessitates  more 
clearing.  If  first  and  second  location-lines  are  to  be  run  (and  it  is 
real  economy  to  run  both),  it  will  not  be  necessary  to  have  the 
stationing  continuous  on  the  first,  so  the  pluses  arising  from 
*'  backing  up"  need  only  be  noted  and  eliminated  when  the  final 
location-line  is  run.  If  transition-curves  are  to  be  inserted,  they 
need  not  be  run  the  first  time,  the  proper  offset  being  made  at 
vhe  P.  T.  or  P.  C  of  the  circular  curves,  which  latter  are  to  be  run. 

On  the  final  location-line  the  stationing  must  be  continuous, 
beginning  with  zero.  The  stakes  are  marked  as  on  the  pre- 
liminary survey,  and  all  hubs  that  are  likely  to  be  used  again 
must  be  referenced  in,  the  reference-hubs  being  set  well  out  of 
the  way  of  disturbance  by  the  plow  or  scraper. 

The  leveler  should  make  bench-marks  every  1000  or  2000  feet, 
to  be  used  in  running  check-levels  and  in  giving  grades  later  on. 

From  the  paper  location  the  notes  should  be  made  up  in  the 
office,  to  serve  as  a  guide  in  the  field;  however,  noatteuipt  should 
be  made  to  adhere  rigidly  to  them,  since  slight  errors  in  the 
mapping  will  affect  the  projected  line,  while  in  the  field  the  line 
may  be  shifted  here  and  there  so  as  to  fit  the  ground  more  snugly 
and  accord  more  closely  with  what  the  nature  of  the  earthwork 
demands. 

The  highest  skill  of  the  engineer  is  required  to  secure  the  best 
location -line,  and  he  should  have  all  the  time  he  needs.  Undue 
haste  on  location — as  on  reconnoissance  and  preliminary — is 
almost  sure  to  result  in  increased  cost  of  construction. 
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Article  8.     Simple  Curves. 

k.  Definitions  and  Formulas. 
74.  The  Circular  Curves  that  are  usually  employed  to  unite 
straight  reaches  of  the  railroad  may  be  simple,  compound,  or  re- 
versed.    The  use  of  reversed  curves  should,  however,  be  limited 
to  turnouts  and  cross- overs. 

a.  A  Simple  Curve  is  the  arc  of  a  circle. 

b.  A  Compound  Curve  consists  of  two  simple  curves,  of  differ- 
ent radii,  both  on  the  same  side  of  a  common  tangent. 

c.  A  Reversed  Curve  is  made  up  of  two  curves  of  contrary 
flexure  having  the  same  or  different  radii,  and  a  common  tangent. 

d.  The  Point  of  Curve  {P.C.)  is  the  end  of  tangent  and  begin 
ning  of  curve,  as  at  ^4,  Fig.  1-3. 


Fig.  12. 


e.  The  Point  of  Tangent  (P,T.)  is  the  end  of  curve  and  be- 
ginning of  tangent,  as  at  B  of  Fig.  12. 

/.  The  Point  of  Intersection  (P.J)  is  the  point  where  the 
tangent  at  the  P,C.  and  P.T.  intersect  when  produced.  {D  of 
Fig.  12.) 

g.  The  Intersection  Angle  (7^  is  the  angle  at  the  PI.  be- 
tween the  tangents  meeting  there,  and  equals  the  angle  at  the 
center. 

h.  The  Tangent  Distance  (T)  is  the  length  of  the  produced 
tangent  metisured  from  the  P.  C.  or  P  T.  to  the  PI.  The  term 
,  tangent  is  applied  to  any  straight  portion  of  the  line,  but  the  letter 
y  will  be  used  to  designate  the  produced  jmrtion  only. 

i.  The  Mid-ordinate  (M)  is  tlie  i^ortion  of  the  radius  inter^ 
cepted  between  the  arc  and  chord  when  ii  cuts  the  chord  at  its 
middle  point. 

j.  The  External  {E)  is  the  part  of  the  radius  produced  to  the 
P.I.,  intercepted  between  curve  and  the  P.L 
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*.  The  Long  Chord  {L,C.)  is  the  chord  joining  the  P,C.  and 
P.T,  Frequently  the  term  is  applied  to  any  chord  longer  than 
the  unit  chord. 

I,  The  Radius  will  be  denoted  by  R. 

m.  The  Point  of  Compound  Curve  (P,G.C.)  is  the  point  of 
common  tangency  of  the  two  branches  of  a  compound  curve. 
(See  Fig.  13.) 


Fig.  13. 


n.  The  Point  of  Reversed  Curve  (P. B.C.)  is  the  point  of 
common  tangency  of  the  two  branches  of  a  reversed  curve. 

o.  The  Degree  of  Curve  (D)  is  the  angle  at  the  center  sub- 
tended by  the  unit  chord.  In  the  United  States  this  chord  is  100 
feet,  in  England  66  feet,  and  where  the  metric  system  is  em- 
ployed it  is  taken  at  20  meters.  Any  convenient  chord  length 
may  be  taken,  but  for  uniformity  American  engineers  have 
adopted  the  chord  of  100  feet,  and  unless  otherwise  stated  it  is 
always  so  understood  when  we  speak  of  the  degree  of  curve. 

Half  the  degree  of  curve  is  called  the  deflection-angle,  since 
it  is  the  angle  to  be  deflected  from  the  tangent  to  the  chord. 

If  there  were  any  practical  method  of  measuring  around  the 
curve  instead  of  along  the  chord,  an  accurate  and  convenient 
ratio  for  expressing  the  radius  in  terms  of  the  degree  would  be 
had.  Thus  if  D  is  the  angle  at  the  center  subtended  by  the  are 
of  unit  length,  we  have,  where  a  is  this  unit  arc, 

360 


2iri?  =  a. 


D' 


Hence 


„       a    360 


When  a  equals  100  ft.  this  becomes 

100  360^  5729.65 
'2ir*  D  ^       D     ' 


(11) 


(11') 
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B  varies  inversely  as  Z),  so  that  kn owing  the  radius  for  a  1** 
curve,  we  should  have  only  to  divide  this  by  D  to  get  the  radius 
for  a  i>°  curve. 

Since  the  chord  is  employed  instead  of  the  arc,  we  determine 
S  by  means  of  the  following  problem 

76.  Given  the  Chord  G,  and  Degree  of  Curve  D,  to  Find  the 
Radius  R. 

In  Fig.  14,  AB  is  the  chord  C,  OE  a  perpendicular  from  the 
center  upon  AB 


From  the  right  triangle  AEO  we  have 

\n 
Whence  B  =  -^-r»  =  JCcosec  \B,     .    .    (12) 

When  C  is  100  ft., 

R  =  -^^^  =  50  cosec  \B,      .    .  (12') 

Comparing  results  given  by  formula  (12')  with  those  given  by 
(ll')»  we  have  for  a  few  curves: 


Degree  of  Curve. 

It  by  (120. 

i?  by  (110. 

Difference 

1 

5729.65 

5729.58 

0.07 

2 

2864.93 

2864.79 

0.14 

8 

1910.08 

1909.86 

0.22 

5 

1146.28 

1145.92 

0.36 

7 

819.02 

818.51 

0.51 

10 

573.69 

572.96 

0.73 

14 

410.28 

409.26 

1.02 

20 

287.94 

286.48 

1.46 
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The  difference  is  seen  to  be  about  one  half  a  foot  for  a  7" 
curve,  one  foot  for  a  14"  curve,  and  one  and  one-half  feet  for  a 
20"  curve. 

Up  to  a  7"  curve  the  difference  is  inconsiderable,  and  v^e  ainy 
stake  out  curves  with  100-foot  chords.  From  7  to  14  degrees  50- 
foot  chords  may  be  used.     Therefore 

25 

-R  - -T— ry^  =  25  cosec  JZ) (12'a) 

sm  J2>  *  ^ 

For  curves  from  14"  to  28"  we  should  use  25-foot  chords, 
for  which 

i?  =  4-^  =  12.5  cosec  iZ> (12'/>) 

Above  28"  shorter  chords— say  10  feet— should  be  used,  if  the 
curve  cannot  be  struck  from  the  center.    In  this  case 

g 

M  =  -; — pvj  =  5  cosec  ^^D (12'c) 

sin  Tij^Lf 
Table  I  of  radii  was  computed  by  formulas  (12'),  (12'a),  and 

Ill  practice  it  is  customary  to  take  the  radius  of  a  1"  curve  as 
5730  feet  and  to  assume  the  radii  to  vary  inversely  as  the  degree ; 
thus  for  a  4°  curve  the  radius  wouhl  be  Ji=  ^p^  =  1432.5  feet, 
while  by  Table  I  it  is  1432  69  feet — a  difference  of  only  .19  foot ; 
for  a  12°  curve  R=m^  =  477.5  feet,  while  by  Table  I  it  is 
477.68  feet.  The  effect  of  taking  5780  instead  of  5729.65  for  the 
radius  of  a  1"  curve  is  to  reduce  the  error  resulting  from  the 
assumption  that  i^  equals  5730  divided  by  the  degree  of  curve. 

75a.  The  Radii  of  Metric  Curves  are  based  on  the  use  of 
20  meter  chords,  equivalent  to  65.6174  feet,  since  one  meter 
equals  3.280869  feet.  Successive  stakes  are  given  even  num- 
bers, as  224,  226,  228,  etc.,  in  order  that  any  given  number, 
multipUed  by  ten,  will  give  the  length  of  the  hne  in  meters 
from  the  beginning  to  the  station  in  question.  If  numbered 
continuously  the  station  number  must  be  multipUed  by  20 
in  order  to  obtain  the  length  in  meters  from  the  origin. 

The  French  designate  the  degree  of  curve  by  the  angle  l)e- 
tween  the  tangent  and  the  chord  instead  of  by  the  angle  at 
the  center,  or  by  half  of  what  we  call  the  degree  of  curve.    There- 
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fore,  a  curve  having  a  central  angle  of  4°,  for  one  chord  length, 
would  be  called  a  2°  curve. 

If  Rm  is  the  radius  of  a  metric  curve,  dm  its  degree,  as 
defined  above,  then 

Rm  =  10  -5- sin  dm  =  10  cosec  dm-       .     .     .     (12a) 

Other  functions  may  be  computed,  in  meters,  by  using 
Rm  for  R  and  dm  for  JZ>  in  the  formulas  which  follow,  based 
upon  the  definition  of  the  degree  of  curve  as  the  angle  at  the 
center  subtended  by  one  100-ft.  chord,  two  50-ft.  chords,  four 
25-ft.  chords,  etc.,  depending  upon  the  sharpness  of  curvature. 
.  Approximate  values  may  be  found  from  our  own  tables.  Thus, 
numerically,  Rm  (in  meters)  =0.2/2  for  D=2dm  in  Table  I. 
Also  L.Cm =0.2  L.C.,  3fm =0.2M.,  ^^=0.2  E  and  7'm=0.2r 
for  the  values  found  from  Table  IX,  when  the  table  is  entered 
with  D=2dm  as  argument. 

If  the  equivalent  value  of  the  degree  of  curve  in  the  units 
we  use  is  wanted,  reduce  Rm  to  feet  and  in  Table  I  find  the 
corresponding  value  of  D. 

Table  la  gives  values  of  metric  radii  for  curves  up  to  10 
degrees,  corresponding  to  a  30°  20'  curve  as  defined  in  Section 
76,  if  IC-ft.  chords  are  used. 

76.  The  Length  of  Curve  (L)  is  found  by  dividing  the  angle 
at  the  center  (which  equals  the  intersection  angle)  by  the 
degree  of  curve,  the  result  being  in  chains  and  decimals  of  a 
chain.  The  number  of  P.C.+L  will  give  the  station  number 
of  P.T. 

Example.— The  P.C.  of  a  4°  curve  having  7=26°  30'  is  at 
sta.  104+12.5.    Find  L  and  the  number  of  the  P.T.    Here 

L  =  — T-  =  6.625  chains. 
4 

104.125+6.625  =  110.75;    hence  the  number  of  P.T.  is  110+75 

77.  Use  of  the  Table  of  Functions  of  a  One-degree  Curve. — 
In  the  location  of  railway  curves  geometrical  accuracy  will 
frequently  be  of  less  importance  than  rapidity  of  field-work, 
so  long  as  errors  are  kept  within  reasonable  limits. 

On  tangents  sHght  errors  of  alignment  may  readily  be  de- 
tected by  the  unaided  eye,  but  on  curves  these  are  not  so  ap- 
parent. Moreover,  it  is  not  hkely  that  the  trackmen  will 
keep  curves  up  in  the  precise  position  of  their  location. 
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Table  IX  contains  the  most  frequently   used    functione 
a  1°  curve,  and  its  use  serves  to  greatly  simplify  and  shoi 
the   computations   of   these   functions   for   other   curves, 
ordinary  use  for  this  purpose  requires  the  assumption  that 
functions  vary  inversely  as  the  degree  of  curve,  or  directly 
the  radius.     This  assumption  is  not  so  very  violent   if 
chord  length  used  is  made  to  vary  with  the  degree  of  curv« 
advised  in  Section  75.     Thus  100-ft.  chords  may  be  used 
curves  not  exceeding  7  degrees;  50-ft.  chords  for  curves  bet^' 
7  and  14  degrees;    25-ft.  chords  for  curves  between   14 
28  degrees;  and  10-ft.  chords  for  all  sharper  curves.     Tab 
gives  the  values  of  the  radii  of  chords  up  to  20  degrees,  w 
radii  were  computed  on  this  basis. 

In  computing  Table  IX  the  radius  of  a  1°  curve  was  assu 
to  be  5730  feet  instead  of  the  more  precise  value  of  572 
feet.  This,  not  only  for  simplicity  of  computation,  but 
because  the  approximate  values  of  the  functions  found 
other  curves  by  the  use  of  the  table,  agree  more  closely  i 
the  true  values  than  would  be  the  case  if  the  value  572 
had  been  used  in  computing  the  tabular  quantities. 

Table  IXa  contains  correction  factors,  by  the  use  of  w. 
the  precise  values  of  the  L.C.,  M,  E,  and  T  of  any  ci 
may  be  found  from  the  values  given  in  Table  IX  when 
chord  length  employed  in  locating  the  curve  is  known. 

Let  n  =  number  of  chord  lengths  used  per  degree  of  ci] 
(n  =  l  when  c  =  100  feet;  n  =  2  when  c  =  50  feet;  n=4  y 
c  =  25  feet,  and  'n  =  10  when  c  =  10  feet).  Let  (/2/)=sir 
vers  II,  exsec  il  or  tan  §/  according  as  the  precise  value  ol 
L.C.,  M,  E,  or  T  is  wanted  for  the  particular  value  of  c  u 
Let  A;  be  a  factor  defined  by  its  use  in  the  equation  below: 

100 

WU)  = -^(/ U)  =  (i+fc)^(/i/), 

^^^2i;r 

from  which  1+A;= r— =r, 

5730  sin  I  - 
2  n 

and,  therefore, 

T^,^  T  n    Tijr  T?  ^^  rr    Tabular  function,^  ,  ,, 

True  L,C.,  M,  E^  or  T^~=. . -(l+W. 

Degree  of  curve  ' 
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ExABfPLB.— Given  a  lO**  curve  run  with  100-ft.  chords  through 
an  angle  / =40°,  to  find  the  true  T  and  M. 

By  Table  IX,  7=^^^=480.8  feet,  M=^^i:^= 134.06  feet. 

By  Table  IXa  the  correction  factor  is  +0.00120,  and  there- 
fore the  true  7=480.8(1.0012)  =  +481.38,  and  the  true  ikf  = 
134.06(1.0012)  =  134.22. 

Had  50-ft.  chords  been  used,  as  advised  in  Section  75,  the 
correction  factor  would  have  been  only  +0.00024,  or  one-fifth 
as  much  as  when  100-ft.  chords  are  used. 

Table  IX  may  also  be  used  for  finding  the  functions  to 
employ  when  running  metric  curves,  the  tabular  values  being 
taken  as  meters  instead  of  feet.  The  unit  metric  chord  is 
20~meters,  and  the  degree  as  defined  in  Section  75a  is  half  the 
angle  at  the  center  for  this  chord,  so  we  must  enter  Table  IX 
with  5  X2dffj  =  10(im  as  argument.     Thus  for  a  2°  metric  curve 

having  7=40^  ^  =  ^^  =17.28  meters. 

In  the  examples  given  in  some  of  the  sections  which  follow, 
the  subscript  1  is  written  after  the  letters  which  designate 
the  function  referred  to,  in  order  to  save  space.  Thus  Ti  <  28** 
means  the  tangent  distance  for  a  1°  curve  when  7  =  28  degrees. 

78.  Tables  of  Natural  and  Logarithmic  Circular  Functions.  — 
Many  engineers  prefer  to  work  altogether  by  tables  of  natural 
sines,  cosines,  etc.,  and  time  may  often  be  saved  by  their  use. 
Nevertheless  logarithmic  tables  are  of  frequent  advantage,  even  in 
the  field,  and  the  more  important  ones,  such  as  the  logarithmic 
sines,  cosines,  tangents,  and  cotangents,  together  with  the  loga- 
rithms of  numbers,  are  given  in  the  back  of  the  book  along  with 
the  tables  of  natural  functions. 

79.  Given  72  and  C  to  Find  D,  ' 
FKom  equation  (12), 

sin  ^7)  =  ^ (18) 

80.  Gi^en  /  and  7?  (or  D)  to  Find  7\ 

If  D  is  given,  find  7?  by  (12);  then  in  Fig.  15  from  triangle 
OAB  we  get 

r=7?tanJ7. (14) 
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By  Table  IX. — Find  the  tabular  value  of  T  for  the  given 
angle  /;  then 


•M.     — ~"     y»   •        •  •  •  • 


.    •    .  (14a) 


Example.— /=  35°  40',  D  =  4°;  required  T. 
By  (14),     T=  1432.69  tan  17"  50'  =  460.91  feet 

By  (14a).  T=  ^^^  =  460.85  feet,  a  result  differing  from  Ibe 

value  found  by  the  rigid  method  by  only  0.06  foot. 

81.  Given  /  and  T  to  Find  i?  or  i> 
From  (14), 

T 


i?  = 


tan  ^7 


=  T  cot  1/. 


(15) 


Then  by  Table  I  the  degree  may  be  found. 
By  Table  IX. 

.=4.  .  . 


(ISa) 


82.  Given  /and  D  to  Find  the  Long  Chord  L.C. 
First  find  R  by  (12)  or  (12').  or  by  Table  I ;  then  from  the 
triangle  O^lFof  Fig.  15, 

AF=:R  sin  J/. 
.'.  AG  =  2AF=  L.C.  =2Rdm  il   .     .     .     (16) 
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By  Tablq  IX. — Fiud  the  tabular  X.C.  for  the  given  augle  /; 
then 


X.C.= 


L*  C7,i 


(lea) 


83.  Given  the  Radius  R  and  any  Chord  G  to  Find  the 
Ordinate  to  the  Curve  at  any  Point.  ^ 

First  Method.— Id  Fig.  10  lei  HE  be  the  chord  C;  HK=a 
and  KE  =  b,  Ihe  segments  into  which  it  is  divided  by  the  ordi- 


nate y.     Draw  the  radius  through  K\  call  the  portion  between 
chord  and  curve  y*.     By  geometry, 


from  which 


(2E  -  y')y'  =  ab, 
ab 

y  = 


2Ii-y" 

But  y*  is  small  compared  with  27?,  and  hence  we  write 

ab 


»'=m- 


(«) 


Now  y  does  not  differ  sensibly  from  y'  in  the  cases  met  with  in 
pnictice,  so  we  write 


(*> 


50       A   FIELD-MANUAL  FOR  RAILROAD   ENGINEERS. 

If  we  write  M  =  -7^1  formula  {b)  becomes 

_      abP 
*'■"  3X5730 .     .    .    ifi) 

d  b 

^®*  T7m  ~  ^'  fno  ~  ^*  ^^^  substitute  in  (c),  giving 

y  =  TTT^  mnD  =  0.873wni>, 

or  very  nearly 

y  =  ImnD (17) 

y  is  given  in  feet  when  m  and  n  are  in  chains  and  decimals  of 
a  chain. 
At  the  mid-point  F,m  =  nt  and  y  =  M, 

.-.  M=ln'^D (18) 

Caution.— Formulas  (17)  and  (18),  while  very  convenient  foi 
field  use  in  passing  obstructions,  are  liable  to  error  when  very 
long  chords  or  large  values  of  D  are  used,  since  they  give  results 
that  are  too  small. 

If  we  write  the  arcs  HN,  NE  for  a  and  b,  we  shall  get  results 
that  are  too  large,  yet  about  as  near  the  true  values  as  by  taking 
m  and  n  to  be  the  segments  of  the  chord.  To  illustrate  we  will 
find  a  few  values  of  M  and  compare  with  the  true  values  taken 
from  Table  V. 


Degree              Length  Mid-ord.  Mld-ord.         Mid-ord. 

of                       of  by  by  by 

Curve.                  Arc.  M=i{HF)W.  M=l{HO)W.    Table  V. 

2 2  Stations.  1.75  1.75              1.75 

2 6       "  15.69  15.75             15.69 

5 2       *'  4.37  4.38              4.86 

5 6       "  38.51  39.38            39.06 

8 2       "  6.96  7.00              6.97 

8 4       "  27.29  28.00             27.75 

8 5       •*  42.02  43.75             43.20 

8 6       *'  59.43  63.00             61.93 

From  this  it  appears  we  may  use  formula  (18)— and   (17)  as 

irell — taking  either  the  segments  of  the  arc  or  chord  for  curves 

not  exceeding  4°  with  arcs  up  to  600  ft. ;  for  curves  from  4°  to  6* 
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they  may  be  used  up  to  500-ft.  arcs,  while  for  curves  between 
6**  and  S°  not  more  than  400  feet  of  arc  may  be  taken. 

Sjeccond   Method.— First   determine    the    mid-ordinate.      In 
triangle  OEF, 


0F=:  i^W  -iC^; 

then 

M=  FO  =  R-  i/Jf^  -  iGK    .....    (19) 

To  find  ordinate  ul(7  distant  d  from  the  mid-point  ot  EH,  draw 
OB  =  d  parallel  to  HE\  draw  AB  at  right  angles  to.//i^.    Then 


BA  =  i/li'  -  d*. 
Therefore 


CA  =  yz=:  \^IP  -d*-  VB^-\G*'    .    .     .    (20) 

Third  Method. — If  the  chord  G  is  short,  we  may  regard  the 
arc  as  an  arc  of  a  parabola,  for  which  it  is  known  that  ordi- 
nates  vary  as  the  product  of  the  segments  into  which  they  divide 
the  chord.    The  mid-ordinnte  being  known,  we  have 

y         oh 


M      (iCT 

.*.  y  =  ^-Qi (21) 

From  formula  (J)  we  have  for  y  =  M,  a  =  b  =  ^G, 

UG)"^       G^ 

The  mid-ordinate  for  any  other  chord  C  is 


Hence 


.-.  Jf,=Jf 


(f  )•■ « 


If  C*  =  iG,  this  gives 

Mi=iM, (28') 
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This  last  relation  affords  an  easy  method  of  staking  out  a  curve 
when  the  mid-ordinate  of  a  given  chord  has  been  determined. 
First  erect  the  ordinate  M  at  the  mid  point  of  the  chord;  then 
join  the  ends  of  chord  with  the  extremity  of  the  ordinate  just 
measured;  the  lengths  of  these  chords  do  not  differ  much  from 
JC;  at  Ihcir  mid-points  erect  ordiuates  equal  to  \M,  giving  points 
on  the  curve.  Proceed  in  like  manner  for  other  points  until  a 
sufficient  number  have  been  located. 


84.  Given  R  and  /  to  Find  the  External  E, 
In  Fig.  nE=  QB=OB-  00. 
But  OB  =  R  sec  \I  and  00  =  R. 

.'.  E  =  R{secil-l)  =  RexseciL    ...      (24) 

By  Table  IX.— Find  E  for  a  1**  curve  for  an  intersection 
angle  /;  then 

(24a) 


85.  aiven  T  and  /  to  Find  E. 

In  Fig.  17  draw  BC  perpendicular  to  AB,  and  produce  ^G^  to 

b/ 


intersect  BC&i  C,  BCis  pnrnllel  to  AO,  and  the  triangles  AOO 
and  CGB&rc  similar;  hence  BG=BG  =  E.  In  the  right  triangle 
ABC,  angle  BAG=  \BAF=  \L     Therefore 


i?=  rtan  J/.   .    . 
ExKRCiSB.— Derive  cquaition  (25)  from  (24). 


(25) 
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86.  Given  Jf  and /to  Find  ^. 
From  trigouometry, 

sec  1/  = 
Insert  this  iu  (24)  and  we  get 


cos  1/' 


E-R 


1  —  cos  \T 
cos  \I 


(«) 


But  from  Fig.  17,  M  =  R(\  -  cos  \I\    Substitute  in  (a) : 

M 


E 


= r>  =  M  sec  IL 

cos  J/ 


(26) 


87.  Given  i? and  /to  Find  /?. 
From  (24), 

B  E 


/?=- 


sec  J/  —  1      ex  sec  \I  vers  J/ 

88.  Given  /and  i?to  Find  2, 
From  (25), 


=  ^.^^,.     .    .     (27) 


=  ^  cot  J/ 


(28 


tan}/ 

89.  Given  the  Chord  G  and  Degree  of  Curve  D  to  Find 
the  Chord  Deflection  Offset  d. 
Iu  Fig.  18  extend  EA  to  i/,  making  ^l/T  —  EA  =  AB ;  join 

H 


O 

Fig.  18. 
£r  and  B  and  draw  ^if  to  the  mid  point  of  HB.    Then 

HK-  KB-  Csin|Z). 
.-.  d=  HB  =  2(7  sin  JZ) 


(29) 


54       A  FIELD-MANUAL  FOR  RAILROAD   ENQIKEEUS. 

When  G  =  100', 

(f  =  200  sin  i2> (29') 


G 


If  we  write  sin  i-0  =  ^  from  (12)  in  formula  (29),  there  results 

^^^ (30) 

For  curves  up  to  7°,  G  =  100';  hence 

.       10000 

^=T-^ (30) 

For  curves  from  7°  to  14°,  G  =  50';  therefore 

a  =  ^^ (30") 

For  R  write  -^p,  and  (30'),  for  G  =  100,  becomes 

.=>s«=..,«i,. «,, 

and  for  G  =  50,  (30")  becomes 

d  =^  ?^Z)  =  .4363i>  =  .878 ,^,    .    .    .     (81') 

Example.— Find  d  for  a  6**  curve,  C  =  100  feet. 
By  (29'),  cf  =  200  X  0.05234  =  10.47  feet. 

By  (30'),        .  rf  =  l^  =  10.47  feet. 

By  (31),  d  =  1.745  X  6  =  10.47  leet. 

90.  Given  the  Chord  G  and  Degree  of  Curve  D  to  Find  the 
Tangential  Deflection  0£fset  t 

III  Fig.  18.  make  EF  (tangent  at  E)  equal  to  EA,  and  join  F 
with  A.  Draw  EO  to  the  mid-point  of  FA.  Angle  AEO  = 
OEF  =  iZ);  hence,  from  the  figure, 

AQz=OF=  GsiuiD. 

\  <  =  2Csinl2> (82) 
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When  0  =  100  feet, 

<  =  200siaJ2> (32) 

Since  J2>  is  small,  we  may  write,  without  material  error, 
sin  J2>  ^  4  sin  ^D;  then,  writing  sin  JjD  =  ~,  as  in  89,  we  get 

*  =  M (^> 

Making  C  =  100  ft.  and  writing  72  =  -—  gives 

•     ^==2X?30^=^-^^^^ ^^') 

When  (7  =  50  feet,  (33)  yields 

t  =  .2182)  =  .436  X  ^ (33") 

Example.— Find  t  for  a  6''  curve,  C  =  100  ft. 
By  (320  <  =  200  sin  r  30'  =  5.24  ft. 

By  (88'),  =  .873  X  6  =  5.24  ft. 

91.  To  Find  the  Subtangential  Deflection  O&et  i'  for  a 
Subchord  C 

First  Method. — By  formula  (13)  find  the  angle  at  the  center 
subtended  by  the  subchord  C;  call  this  angle  ly.    From  (32), 

i'  =  20'  sin  \D' (34) 

Second  Method.— In  Fig.  19,  with  ^as  center  strike  the  arcs 
FO  and  AH,  taking  EF  =  C  and 
EA=G'y  prolong  EO  to  B.  Now 
assuming  that  the  chords  C  and  G 
are  proportional  to  their  central 
/ingles  we  have 

/>     —  n*  '      •      •      \^) 

From  the  similar  sectors  EFG  Fio.  19. 

and  EAB,  since  EB  =  0, 

AB"  a 


w 
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jSy  8Uccc«sfTe  applications  of  (36)  we  have 

for»  =  l,  «  =  JxlX4=    0.88  feet 

n  =  l,  «  =  3X    1X4=    350    " 

n  =  i  «  =  4  X   f  X  4  =    7.88    *' 

n  =  2,  g=|x4x4=  14.00    " 

n  =  f,  2  =  i  X  ^J^-  X  4  =  21.88    *' 

n  =  3,  2  =  {X   9X4  =  31.50    " 

The  last  value  of  z  is  in  error  by  about  0.2  ft ,  but  for  setting 
stakes  on  construction  this  difference  is  not  material  so  long  as 
the  nlignmcnt  beyond  this  point  does  not  depend  on  it.  In 
setting  track-centers  the  completed  road-bed  is  available  and  the 
stakes  may  be  set  with  the  transit,  in  the  usual  way. 

93.  IMfference  in  Length  of  a  Circular  Arc  and  its  Long 
Chord. 
First  Method. — Let  the  central  angle  be  a  degrees.    By  (13), 

^«"  *<»•  =  in 

Changing  degrees  to  circular  measure,  a  (in  rt  meas.)  =  — 

180 


.     The  length  of  arc  is  Ea  =  /^r=-^.     Then 


57.3      °  57.3 


Arc  -  chord  =  -K-|^  -  c (37) 

07.£) 

Second  Method. — An  easy  approximation  may  be  found  as 
follows : 

Referring  to  Fig.  17,  AE  =  c,  0F=  M.    Let  .46^  =  6  =  |-  +  «. 


From  the  right  triangle  AFO 


J+* 


)'  =  j  +  M\ 


Promwhhh  .=  ^ (a) 
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Neglecting  the  x  in  denominator  as  small  compared  with  e 
gives 

^=T <^> 

OTLfi 

Then  will  2b  -  c  =^  2x  = '=- (38) 


From  Huygens'  approximation  to  the  length  of  a  circular  arc 
(see  WUliamsou's  Differential  Calculus,  p.  66),  arc  =  — ^ — . 

Therefore 

Sb  —  e 
Arc  —  chord  =  — ^ c  =  4(2b  —  e).      .    •      (c) 

Inserting  the  value  of  26  —  c  from  (38)  gives 

Arc  —  chord  =  -q— (d) 

When  the  arc  is  not  very  great  we  may  write  c  =  lOOni ,  where 
ni  is  the  number  of  chains  contained  in  the  arc  AE.  From  (18), 
remembering  that  ni  =  2;i, 

M  =  0.218n,«2>. 
Inserting  these  values  of  c  and  Jlf  in  (<f), 

Arc  -  chord  =  -  -jjj^^-  =  g^T.,^!).,  oearly.  .    (39) 

Example. — Find  the  difference  in  length  of  arc  and  chord  of 
a  4°  curve  when  Wi  =  6  stations. 

The  central  angle  is  4  X  6  =  24";  then,  from  Table  IV, 
e  =  595.74. 

By  (37), 

Arc  -  chord  =  1432.7  X  ^,  -  595.74  =  4.34  ft. 

07. o 

By  (39), 

A  V.1       6X6X6X4X4  .  ^^  . 

Arc  -  chore}  =  — =  4.32  ft 

oUU 

Remark. — Formula  (38)  is  interesting  as  showing  what  a  com- 
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puntively  small  iucrease  in  letigtli  of  line  is  caused  by  a  consid- 
erable lateral  deflection  in  alignment.  For  instance,  a  lateral 
defiection  of  2000  feet  is  made  at  the  mid-point  of  a  line  40,000 
feet  long ;  what  will  be  the  increase  in  length? 

By  (38)  the  increase  is  ^tk^  =  200  feet,  giving  for  the 


incieascd  length  40,200  feet. 


40.000 


B.  Locating  Simple  Curves, 

94.  To  Locate  a  Curve  with  the  Chain  by  Offiets  from 
Chords  Produced. 
In  Fig.  21  let  the  P.  C,  fall  at  B,    If  BC  is  a  full  chain,  prolong 
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the  tangent  AB  to  If,  making  BH=  BC;  EG  will  equal  <,  which 
may  be  calculated  by  (32)  or  (33').  With  B as  center,  strilie  an 
arc  with  radius  Blly  and  with  U  as  center  and  i  as  radius  strike 
an  arc  \  at  (7,  where  these  arcs  intersect,  set  a  stake.  Produce 
BO  to  K,  making  GK  =  BC  =  GD ;  strike  the  arc  KD  from  G  as 
center ;  make  the  chord  KB  =  d,  calculated  from  (29'),  (30'),  or 
(31).  Set  n  stake  at  D  and  proceed  in  like  manner  for  the  other 
points  until  the  P.  T.  is  reached,  where  FP  is  made  equal  to  i. 

Usually  tbe  P.G.  does  not  fall  at  a  full  station  ;  then  EG  =  t\ 
which  may  be  found  by  (34)  or  (35).  Using  this  value  of  t',  we 
locate  C  as  above.  At  B  make  BR  =  t',  and  prolong  EG  to 
L ;  make  LD  =  i  and  set  a  stake  at  D.  ^Jf  will  equal  d,  and 
may  be  located  as  before. 

We  may  regard  KD  sls  equal  to  KL  +  t,  and,  finding|  KL, 
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measure  KD  and  set  D  without  locatiug  R.    To  do  this  we  have 
the  similar  triangles  BEG  and  CKL^  from  which 

CK     BG' 
and  therefore  since  KG  =  GD, 

^^-*  BO' 
In  like  manner  at  ^we  have 

PiV^=<^.    and    FP^W 

hence 

NF=PN+  t/. 

Make  EQ  =  ^',  prolong  QF,  and  wc  have  the  tangent  at  F, 
Example.— Given  the  P.G,  of  a  5**  curve  at  106  +  20  and  the 
angle  of  intersection  22**,  to  locate  the  curve. 

22 
Here  C  =  -^  =  4.4  stations. 

o 

Therefore  the  number  of  the  P.T.  is 

106/^0  +  4.4  =  sta.  110  +  60. 

BG  in  this  case  is  80  ft.,  and  by  (33') 

i  =  0.873  X  5  =  4.37  ft. 

(80  \' 
Too  J  =  ^^^^*- 

Set  off  EG  =  2.80  ft.,  and  at  D  make 

KD  =  2.80  X  ^  +  4.37  =  7.87  ft. 

At  E  make  ME  =  d  =  8.72  by  (31).  This  will  be  at  sta.  109  ; 
at  110  set  a  stake  by  offsetting  8.72  ft.  The  last  chord  is  60  long, 
and  hence  the  offset 

NF=  4.37  X  ^^  +  4.37  X  (yqqJ=  2-62  +  1.57  =  4.19  ft 

Make  EQ  =  1.57  ft.,  and  prolong  QF,  the  terminal  tangent. 
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9B.  To  X>ocat«  a  D  D^^se  Curve  by  O&eta  from  Tangant. 

Let  AM,  Fig.  33,  be  Ungeut  nt  A.  and  E,  F.  G,  elc.,  poiuts  on 
tbe  curve.     Tbe  offsets  BB.   UF, 
eta,  may  be  foUDil  from  formula  |^ 
(86). 

.  =  Ki), 

either  by  taking  eqiinl  iiilcrrnls, 
AB.  EC,  CM  iitoiig  ilie  tangent  or 
by  taking  B,  V.  0,  etc.,  iil  regular 
stations  around  tbe  curve  and 
using  Ibe  arc  leiigtb  instead  of 
tbe  laiigeiil. 

Wben  tbe  arc  AO  is  large,  or 
strict  accuracy  is  required,  we 
pi'occed  to  find  tlic  offsets  at 
regular  Btalious  atid  tbu  lengtba 
of  AB.  AC,  etc.  First  flwl  R 
from  (12)  or  (12');  Ibeii  from  liiangle  OEL. 


Bfi=  AL  =  R{\  -  cos 
AB=  LE=  R  sin  D. 


xD)  = 


a  plus  station,  ' 

BE  =  R  vera  D, 
AB=  /Jain/),, 


I  first  find  tbe  angle  D|  at  tbe 


era  (D,  +  D), 
n  (».  +  -0). 


Tbe  ordlnnlca  BE,  CF,  etc.,  are  evidently  equal  to  tbe  mid- 
ordinBtes  for  long  cbords  2iff,  2UF,  etc.;  hence  we  can.  if 
A,  E,  F.  and  <J,  full  at  full  stations,  lalie  tbcm  direct  from 
Table  V;  ilicn  Inke  the  long  chords  from  Table  IV  and  dividing 
tbcse  by  3.  get  tbe  required  coiirdiuateii. 
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Example. — Locate  three  stations  of  a  4°  curve  by  offsets  every 
50  ft.  on  curve. 

Referring  to  Table  V,  the  required  offsets  are  0.87,  3.49,  7.85, 
13.94,  21.77,  and  31.31.  By  Table  IV  the  distances  measured 
along  tangent  are  50.0,  99.94,  149.76,  199.39,  248.78,  and  297.87. 
With  these  values  we  can  set  out  the  curve  either  way  from  A, 

Had  we  used  formula  (36)  we  should  have  had  for  the  values 
of  the  offsets  0.87,  3.50,  7.88,  14.00,  21.87,  and  31.50. 


96.  To  Locate  a  Curve    by  OfiiBetf  from  a    given    Long 
Chord. 


Let  FK,  Fig.  23,  be  the  given  chord.     We  may  compute  the 
offsets  yx,  y%, ,  ,  Mhy  the  methods  of  83 — of  which  formula  (17), 

y  -  ImnD, 

is  the  most  convenient,  within  the  limits  of  its  applicability— 
and  setting  off  these  ordinates,  locale  the  curve. 

Or  we  may  set  off  the  mid  ordinate  M  =  i^^ers  FOA  at  A^ 
and  at  C  set  otL  y-j  =  M  ^  li  vers  J9,  making 

AC=  IIL  =  Rs'mD. 

yi  -  M  -  R  vers  22),     and    AE  =  li  sin  2D, 

Another  Method  is  to  find  the  nngle  KOFnl  the  center,  and 
by  Table  IX  deieiinine  BA  =  M\  then  by  Tables  V  and  IV 
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determine  BL,  BN,  LH,  and  NQ,    Then  HG  ^  M  -  BL,  which 
set  off  at  G,  and  other  points  in  like  manner. 

ExAMPLB.— Given  the  P.G.  of  a  4**  curve  at  station  160  +  75, 
the  angle  between  tangent  and  chord  =  9*,  required  the  offsets 
necessary  to  locate  the  curve. 

Here  J  =  2  X  9  =  18\ 

18 
.*.    Z  =  —  =  4.50  stations. 
4 

Hence  the  RT.  falls  at  160.75  +  4.50  =  sta.  165  +  25.  The 
mid-point  on  curve  B  falls  at  sta.  163.     By  Table  IX, 

70.54 
M  =  — i—  =  17.64  ft. 

4 

By  Table  V  the  mid -ordinate  for  two  stations  of  a  4"  curve  is 

BL  =  3.49. 

Hence  HG  =  17.64  -  3.49  =  14.15. 

By  Table  IV»         EL  =  AG=  99. 94  ft. 

Measure  AG-  99.94  ft.,  and  set  off  GH=:  14.15  ft.,  and  drive  a 
stake  at  H,    In  like  manner  find 

Gi?=3.70    and    ^^=199.39  ft. 

The  points  P  and  Q  are  also  located  by  means  of  the  coordi- 
itates  just  determined. 

If  B  had  fallen  at  an  odd  station,  the  curve  could  have  been 
located  in  the  same  manner,  ^and  F  being  100  ft.  from  B^  Q  and 
Q  200,  etc. 

97.  To  Locate  a  Curve  with  Transit  and  Chain  when  the 
Degree  D  or  Radius  R  is  Known. 

If  R  is  given,  determine  D  by  (13);  then,  since  the  angle  in 
the  circumference  of  a  circle  is  half  the  angle  at  the  center  sub- 
tended by  the  same  chord,  we  may  locate  points  on  the  curve  by 
successive  deflections  from  the  tangent. 

In  Fig.  24  let  the  P.  G.  be  at  A,  at  which  point  set  the  transit, 
and  with  the  vernier-plates  clamped  at  zero  place  the  telescope 
in  tangent  either  by  sighting  the  P,L  or  by  backsighting  to  some 
point  in  the  tangent  Deflect  from  the  tangent  half  the  angle  at 
the  cepter  for  the  sub-chord  or  chord,  and  direct  the  head  chain- 
man  into  line  while  the  rear  chaiuman  holds  his  end  of  the  chain 
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at  the  trausit,  the  cbaiu  being  kept  taut.  The  stakeman  drives  a 
stake  at  the  poiut  where  the  head  chainmau's  flag  rested,  and  the 
rear  chuinman  advances  to  this  point.  Deflect  ^D  from  the  chord 
AB  just  run,  and  while  the  rear  chainman  holds  his  end  of  the 
chain  at  B  direct  the  head  chainman  into  line  at  C.  Other  points 
are  located  by  deflecting  an  additional  ^D  for  each  chord  length 
measured,  until  a  point  E  is  reached  to  which  it  is  desirable  to 


Fig.  24. 

move  the  transit.  The  angle  2^4^  should  not  exceed  about  15*. 
Move  the  transit  to  E,  backsight  to  A,  and  deflect  FEA  =  EAF, 
when  the  telescope  will  be  in  tangent,  and  the  curve  can  be  con- 
tinued until  it  is  again  necessary  to  move  the  transit.  At  the 
P,T,  put  the  telescope  in  tangent  by  backsight! ng  to  the  point 
last  occupied  by  transit  and  deflecting  the  tangential  angle  as  at 
E,    The  line  may  now  be  continued. 

98.  The  Index-angle  is  read  on  the  vernier-plate,  and  is  the 
angle  between  the  tangent  to  the  curve  at  the  P.  0.  and  any  other 
line  passing  through  a  point  on  the  curve  when  the  telescope  is 
directed  along  this  line.  It  is  most  frequently  taken  as  the  angle 
between  the  initial  and  any  subsequent  tangent  to  the  curve. 
Thus  at  E  the  index-angle  equals  EFP  =  2FAE.  At  any  poiut 
on  the  curve  the  index  reading  in  tangent  may  be  found  by  the 
following  rule,  which  may  be  easily  deduced  from  a  figure: 

From  double  iJie  index-angle  thai  fixed  the  point  subtract  Vie  index- 
angle  in  tangent  at  the  last  point;  the  remainder  is  the  index-angle 
required. 

99.  Subdeflection-angles  may  be  found  by  (13)  rigidly,  or 
approximately  (and  with  suflicient  accuracy  except  when  D  is  very 
large)  by  assuming  the  central  angles  to  be  proportional  to  their 
chords.  Thus  on  a  4.°  curve  the  central  angle  for  a  sub-chord  of 
25  ft.  would  be  r,  and  the  subdeflection  angle  SC. 
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Example — ^Locate  a  4"*  curve  to  left  when  the  P,C,  is  at  sta. 
81 +  25  and /=B2' 36'. 

Here  L  ^  —'—  =  8.15  chains. 

4 

Hence  the  P.T.  will  fail  ai  81.35  -f-  8.15  =  sta.  89  +  40.  The 
first  sub-chord  is  75  ft.  lon^,  hnd  the  Urst  detleclion-angle  will  be 
found  by  (13). 


=  1"  30'. 
By  the  approximate  rule,  since  J2>  =  2', 

2   "■  100' 

whence  J^  =  2  X  I  =  T  30'  as  before. 

With  transit  at  P,C.  deflect  V  30'  from  tangent,  measure  75 
feet,  and  set  stii.  82.  Then  a  deflection  of  3°  30'  will  determine 
83,  5*^  30'  sta.  84,  7"  30'  sta.  85.  Now  remove  transit  to  85,  and 
with  vernier  at  7**  30'  backsight  to  81  +  25.  Reverse  telescope 
and  set  vernier  at  15**  00',  when  the  telescope  will  be  in  tangent. 
An  index  angle  of  17**  will  fix  86,  and  so  on. 

The  last  chord  will  be  on]}'  40  feet  long,  for  which  the  sub- 
deflection-angle  is  ^^jf  of  2",  that  is,  48'.  The  index-angle  fixing 
the  P.T.  is  therefore  23"  48'. 

To  get  in  tangent  at  89  -f  40  backsight  to  sta.  85,  with  vernier 
at  23'  48' ;  then  by  the  rule  of  98  the  index-reading  is  (23°  48')  X 
2  --  15"  =  32"  36'  =  /.  Set  the  vernier  at  this  reading  and  run 
tangent. 

Caution  —It  is  not  good  practice  to  set  more  than  4  or  5  sta- 
tions on  curve  from  any  one  point.  Mr.  Shunk  gives  the  limit- 
ing angle  to  be  deflected  from  tangent  as  20",  and  says  15"  should 
rarely  be  exceeded.     {Field  Engineer,  p.  82.) 

100.  The  Transit  Notes  may  be  conveniently  kept  in  the  form 
below,  which  shows  the  notes  for  the  last  example. 

When  possible  the  tangents  should  be  run  to  intersection,  the 
angle  I  measured,  and  the  tangent  distance  calculated.    Then 
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Station. 

Deflection- 
angle. 

• 

Index- 
reading. 

Index  in 
Tangent. 

Calculated 
Course 

Magnetic 
Course. 

Remarks. 

90 

-HO 

QP.T, 

0«48' 

23»48' 

32«36' 

N27»36'E 

N27»30'E 

89 

83«  0' 

88 

2l«>  (y 

87 

19»  0' 

86 

l?"  0' 

85 

O 

7*  30' 

150  O' 

84 

5«30' 

83 

go    0' 

3«»30' 

82 

" 

1»30' 

1O80' 

4»  C.L.;  P.I.  set. 

H-25 

0P.C.4«C.L. 

O"   0' 

0»  O' 

O"  0' 

I  =  3-2»  86';     T  = 
418.9  ft. 

81 

N  60»12'  E 

N60«10'E 

measure  along  tangents  and  set  P.O.  and  P.T.  from  the  P.L 
When  the  curve  is  run  in,  the  position  of  the  P.T.  thus  foimd 
should  agree  with  the  one  set  from  the  P.I.  If  the  error  is 
greater  than  the  circumstances  of  the  case  permit,  the  curve 
must  be  rerun  and  tangents  remeasured. 

101.  Another  Form  of  Notes,  and  in  some  respects  a  better  one 
than  the  above,  is  given  below.  T)\e  index-readings  are  com- 
puted as  though  the  entire  curve  were  run  from  the  P.C.  The 
notes  for  ihe  last  example  would  appear  as  below  : 


Station. 

jction- 
Qgle. 

idex- 
iding. 

si 

0  c 

ulated 
urse. 

Magnetic 
Course. 

Remarks. 

-2: 

H<J 

0  0 

3" 

90 

-f40 

0P.5. 

0«>48' 

16«18' 

3-2°  36' 

N  27036' E 

N 27030' E 

89 

15*>30' 

88 

1 3°  30' 

87 

If  30' 

86 

g'^SO' 

85 

0 

7«>30' 

84 

503c' 

83 

2*>   C'  o^SO' 

8'i 

loso'^ioao' 

40  curve  left; 
P.I.  set.  i=32«a6'; 

+25 

0F.a4«'C.L. 

0®   O'i  0*>  0' 

r=  418.9  ft. 

81 

N  600 12' K 

N  6O0IO'  E 

The  computations  are  all  made  before  beginning  the  work,  and 
the  notes  have  the  advantage  of  ])ernnning  the  tracing  of  the 
curve  either  way  from  the  iustrumeut  without  additional  compu* 
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tatioDS.  Suppose  the  transitman  to  have  ruu  the  curve  from  the 
P.C,  tosta.  85,  to  which  point  he  removes  the  instrument.  He 
there  sets  tli^e  vernier  at  0"— the  angle  on  limb  when  telescope 
was  in  tangent  at  the  P.  G. — then  sighting  the  P.  C.  he  reverses 
the  telescope  and  deflects  to  ^^  30',  wbich  will  fix  sta.  86.  Had 
the  tangent  at  85  been  desired,  a  reading  of  7**  30'— the  angle  that 
located  that  point — would  have  put  the  telescope  in  the  plane  de- 
sired. A  reading  of  11°  30  fixes  87,  and  so  on  to  the  P.T. 
Removing  to  the  P.  71,  the  plates  are  clamped  at  7"  30',  and  a 
backsight  to  sta.  85  taken  ;  then  deflecting  to  lO"*  18',  the  tele- 
scope is  in  tangent  at  the  P.  T,  Had  it  been  desirable  to  set  84 
from  86,'  a  reading  of  5"  30'  would  fix  that  point ;  others  may 
be  found  in  the  same  manner. 

Any  convenient  form  of  notes,  which  are  intelligible  to  another 
engineer  who  may  have  to  retrace  the  curve,  may  be  used,  but  it 
is  desirable  that  some  general  form  should  be  employed.  Either 
of  the  preceding  forms  seems  to  meet  ordinary  requirements. 

C,  Obstacles. 

102.  To  Pass  an  Obstacle  on  a  Ourve. 

First.  Suppose  Vie  obstacle  to  be  one  obstructing  vision  at  one 
station  only. 

In  Fig.  25  suppose  transit  set  at  J.,  and  B  and  G  located  from 
that  point,  but  the  next  full  station,  H,  to  be  invisible  from  A, 


Fig.  25. 

Set  a  plus  station  at  E,  as  iiear  the  obstruction  as  may  be  conven 
lent,  then  set  i^lOO  feet  from  E.    Next  make  FO  =  100  -  GE, 
and  locate  0  with  the  corresponding  deflection-angle.     Other 
stakes  may  be  set  beyond  G,  or  the  transit  may  be  removed  to 
that  point  and  the  curve  beyond  traced. 

Second.    Suppose  the  line  of  sight  obscured  for  more  than  one 
station,  as  in  Fig.  26. 
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If  Iniusit  is  At  A,  deflect  an  angle  HAB  Ihat  will  clear  all  ob 
stniciioLia,  and  at  ibe  Game  lime  cuuse  B  to  fait  at  a  full  statiou. 
Tliun  by  Table  IV,  Table  IX,  or  by  foriiiuU  (16)  calculate  tbe 
luug  chori  AB  ;  measure  ilBatid  move  IrnDslt  loB  ;  tbeu  deflect 


Fid.  30. 

Ihe  angle  ABC  =  BAH  •«hf:a  Ibe  telescope  will  be  in  tangent 
Tbe  curve  may  now  be  run  bolb  ways  fjom  B. 

If  it  liappcn  tbnt  some  stntions,  as  Eaad  F\a  tbe  figure,  are 
still  invisible,  they  may  be  locnted  by  offsets  from  cbord  or  tao- 

gVDt. 

Ejcamplk.— Let  the  curve  be  a  3°  cuivc  lo  rigbt  ■.  angle  HAB 
=  T  30',  tbe  defleclioii-iingle  for  5  aialions.  By  Table  IV  tbe 
long  cbord  U  498.C3  feci,  wbieli  can  now  be  measured  and  a  bub 
set  at  B:  tben  making  nngle  CBA  -  7°  30',  tbe  telescope  will  be 
lu  tangent  and  ilie  curve  can  be  traced  eitber  way. 

1 03.  To  Iiooate  a  Ourve  when  tbe  P.  C.  is  Inacceuible. 

^  In  Fig.  27  let  the  P.O.  al  B  be  In. 

iKjcesKible  ;  it  is  clesireil  to  reacb  a 
.  point  H  ou  accensible  ground. 
FiiiFT  Method.  —  Assume  a 
point  //on  Ibe  curve  suih  that  a 
line.d//  from  no  ai'cessible  point 
A.  on  tangent,  will  clear  tbe  ob- 
stacle ;  for  conTcnience  H  should 


bo  H 


x  full  s 


The  arc  BB 


and  ecnlral  angle,  which  equals 
IJCF.  me  then  known.  Calculate 
BC=  T  hy  (14)  or  (Ha);  Ibeu 
sjni-'c  A/3  is  known.  AC.  =  Jfi-f 
liC.  is  known. 

Now  in  UiaDgic  ACB,  from  trig- 


tan  i{ft-n)  _AC-  Cn 
Ian  J(A  +  «)  ~'AC+CH 
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But  (h  +  a)  =  e;  hence 

tau  {(h  -  a)  =  j^^j'^^j^  tan  \6 (40) 

Then  \(h  +  o)  +  \{h  —  a)  =  h,  Ibe  larger  angle,  and 
j(/i  -\-  a)  —  \{7i  —  a)  =  a,  the  smaller  angle.  AH  may  be 
found  by  the  law  of  sines,  or  by  drawing  CE  perpendicular 
to  AH,  when 

AH  =  AC  cos  a  +  CIIcosJi (41) 

Example.— The  P.C.  of  a  4**  curve  is  at  sta.  141  -f  25,  and  it 
is  desired  to  reach  the  point  iZfrom  sta.  139  on  tangent. 

Suppose  H  be  assumed  to  fall  at  sta.  147  ;  the  curve  length  ic 
Z  =  147  -  141.25  =  5.75  chains.  Then  angle  c  =  5.75  X  4  = 
23°  C.  By  Table  IX  the  tangent  distance  for  a  V  curve  is 
r,  ^  23"  =  1165.8  ft. 

By  (14a),  T  =  ^^^  =  291.45  ft. 

Now  AC  =  291.45  +  225  =  516.45  ft.,  x  -  "- 

and  V:    1^^^ 

AC+  CH=  516.45  +  291.45  =  807.90, 

while 

AC-  CII=  225  fL; 

hence,  by  (40), 

tan  l{?i  -  a)  =  —^-  X  0.20345  =  0.05666  =  tan  3°  15', 

Therefore 

h  =  IV  30'  -f  3°  15'  =  14°  45', 
and 

a  =  IV  30'  -  3°  15'  =    8°  15'. 

By  (41), 

^-ff=  516.45  X  0.98965  +  291.45  X  0.96705  =  793.0  ft. 

At^  deflect  8°  15'  from  tangent,  measure  793.0  ft.  and  set  a 
hub  ;  move  to  this  point,  backsight  to  A  and  deflect  14°  45'  into 
tangent,  then  trace  in  the  curve. 
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Second  Method. — If  F,  any  assumed  poiat  in  tangent,  is 
visible  from  J.,  AF  may  be  measured  by  some  indirect  method; 
then  AF  —  AB  =  T,  The  tangent  for  a  1"  curve  having  same 
intersection-angle,  KFO,  is  Ti  =  TxD;  find  this  value  of  2.  in 
Tiiblc  IX  and  take  out  the  corresponding  value  of  L  With 
transit  at  F  deflect  the  angle  KFO,  measure  FO  =  FB=  T,  and 
set  hub  at  O.  The  station  number  of  O  is  found  by  dividing  the 
central  angle,  =  KFG,  by  the  degree  of  curve  2>.  Move  to  0  arid 
trace  the  curve. 

Example.— Let  AF  measure  490.5  ft.  from  sta.  139  of  the  last 
example.  Then  AB  =  225  ft.,  and  BF=  490.5  -  225  =  265.5  ft. 
265.5  X  4  =  1062  ft.,  which  by  Table  IX  is  the  value  of  Ti  for 
1=  21^   Set. transit  at  F,  deflect  21%  and  measure  FG  =  265.5  ft. 


L  =  -J- =  6.25  chains; 


hence  (7  will  fall  at  141.25  4-5.25  =  sta.  146  +  50.    Move  to  O 
and  run  the  curve  both  ways. 

Third  Method.— In  Fig.  28  let  the  inaccessible  P.C.  be  at  B, 
and  let  it  be  required  to  reach  E  from  a  point  G  on  the  curve 

prolonged  backwards  from  B. 

At  a  given  point  A  on  tangent  cal- 
culate the  tangent  offset  by  (36)  or 
the  methods  of  95,  then  set  this  off  at 
right  angles  to  AB  ;  set  the  transit  ai 
G  and  turn  oS  ACL  =  90o  -  COB, 
when  the  telescope  will  be  in  tangent 
at  C.  GOB  may  be  found  from  Table 
IX  by  multiplying  ^C  by  the  degree 
of  curve  and  taking  half  the  intersec- 
tion-angle corresponding  to  the  mid- 
ordiuale  that  equals  this  product.  Now  deflect  and  measifre 
ECL,  then  by  (16)  or  (16(0  calculate  CE,  which  measure.  Move 
to  E  and  deflect  LEG  =  ECL  and  the  telescope  will  be  in 
tangent.  The  central  angle  BOE  =  2LEC  -  BOG,  from  which 
the  arc  5^ and  number  of  sta.  E  may  be  found. 

Example. — Take  the  same  example  as  in  the  last  two  cases. 
A  is  at  sta.  139,  i?  at  141  +  25;  hence  AB  =  2.25  stations. 


Fig.  28. 


By  (36).        z  =  AG=lX  (2.25)'^  X  4  =  17.72  ft. 
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71 


Or  by  Table  IX  the  angle  corresponding  to  the  long  chord 
(3  X  2.25)  X  4  =  1800  ft.  is  18°  4',  for  which  the  mid-ordinate  is 

7!  0(5 
71.06  ft.    For  our  4°  curve  the  mid-ordinate  will  be  —~—  =  17.77 

4 

ft.,  which  equalis  AG  and  agrees  closely  enough  with  the  value 

for  z  above. 

Make  angle  BAC=90\  and  measure  ^(7  =  17.72  ft.    Move 

to  O  and  sight  to  A,  then  make  angle  ACL  =  90°  —  (9°  2')  = 

80°  68'.     Suppose  an  angle  LCE=  16°  1'  to  clear  the  obstacle. 

By  formula  (16), 

CE=  2R  sin  (16°  1')  =  2  X  1432.7  X  0.27592  =  790.6  ft. 

t 

Measure  along  CE  790.6  ft.  and  set  a  hub;  move  to  E  and  run 
the  curve. 

CE  might  have  been  found  by  means  of  Table  IX,  for  the  long 
chord  of  a  1°  curve  having  1=2LCE=S2°2'  is  3162.0  ft.; 
divide  this  by  4  and  there  results  CE  =  790.5  ft. 

104.  To  Pass  to  Tangent  when  the  P.  T.  is  Inaccessible. 

This  is  just  the  reverse  of  the  preceding  problem,  aud  may  be 
accomplished  by  reversing  the  processes  described  above. 

When  the  P,T.,  however,  falls  in  or  beyond  a  river  or  lake 
obstructing  the  ordinary  methods  of  indirect  measurement,  the 
case  merits  a  special  solution. 

First  Method  —In  Fig.  29  let  the  transit  be  at  Aj  and  B  the 
P.T,      From    the    known  station 
numbers  of  A  and  B  the  length  of 
curve  and  angle  /  may  be  found; 
then,  by  (14),  AC=B  tan  J/»  or, 

by  (14a),  ^(7=^^-^. 

Move  to  C  and  deflect  the  angle 
/;  set  a  stake  F,  and  one  at  some 
other  accessible  point  E\  measure 
angle  ECF=c.  Move  to  F  and 
measure  the  angle  EFC  aud  the 
side  EF\  then  in  triangle  ECF 
angle  e  =  180°  -  (c  +/);  by  trigo- 
nometry 


Fig.  29. 


sin  c 


...    (42; 


1% 
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Since  BC  =  AG,  there  results  BF=  CI''-  AG;  and  as  tlie  sta- 
tion number  at  £  is  known,  that  111  F'liecumes  known,  and  tlieliue 
niiiy  be  cuntluucd. 

If  Bis  not  the  P.T.,  nicasure  back  tlio  distance  iTB,  set  transit 
at  B,  and  coulinitc  tlio  curvo. 

EsAMPtE.— Letihe/'.r.  of  a  3"  C-L.  fall  itt  sla.  205  +  50— au 
Inaccussible  point;  suppose  A  til  Bla.  200,  angle  c  =  40°,/=  80% 
£;F=310ft. 

and      e  =  60*. 


log  CF=  3.48136  +  B.  83753  ~  9.80807  =  2.62082. 


Wbence  CF  =  417.Tfl.     Then   BJi'=  ll?.?- 375.87  =  141.8  fti 

Ihcreforellieiiunibtrof  Fwill  be  306 +  91.8. 
S&coMU  HuTiioD.— In  Pig.  30,  with  Uie  Irunsit  at  anjr  point  A 
on  ibe  curve,  nsfinino  a  long  chord  AB 
and  c:il<.-i]lutc  the  iiiigle  CAD;  deUecl 
this nnglu  from  the  iiiugeul  AG,aaA  set 
apoiiil  fflteyond  obstruction;  set  alau 
a  slake  at  C  in  tangent. 

Move  to  E  iind  mvasiire  AEG  and 
side  KG.  Compute  AE  from  ihe  trlui- 
gle  ABC.  If  lliis  is  gi'entcr  or  lew 
lliiin  the  length  of  the  long  chord  AB, 
t]ikc  their  diHercncc  BE  and  set  a  hub 
nt  B.  With  the  transit  nt  B  trace  oui 
the  curve. 

ExAMrLE.— Given  A  at  sta.  310  of  a 
3'  C,  L„  angle  a  =  12°.  i  =  93°,  EC 
—  181  ft.    Then  «  =  70°.  and  by  solving 
the  triangle  .dffC,ilA'=  844  7  ft.    By  Tabic  IX  the  long  chord  of 
3382,6 


Fio,  30. 


a  1°  curve  for /=  24°  is3383.Cfl.;  tliereforc^l 


-  =  784.8 


ft.    Now  will  EB=%\\.~  -  784.3  =  BO..')  fi..  whicli  is  Ihe  dls- 
lance  idinig  EA  ihtil  tnuisil  must  be  moved  back  from  B. 
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105.  Given  the  Perpendicular  p  from  a  Point  to  a  Tangent, 
to  Find  the  Point  on  Tangent  at  which  to  Begin  a  Ourve  of 
Given  Radins  which  will  Pass  through  the  Given  Point. 

First  Solution.— In  Fig.  31  let  P  be  the  poiut,  ^Pthe  per- 
pendiculur.      We    have    to    find 
^.1  =  X. 

From  P  draw  PC  parallel  to 
AB;  then  in  triangle  OPC 


i?«  =  iT*  +  (^  -  pY- 
From  which 


X  =  i/2Iip  -  p\ 


(43) 


Second  Solution. — Consider 
p  =  AC  fis  the  mid-ordinate  for 
a  long  chord  =  2x :  then  pX  D 
—  the  mid-ordinate  for  a  1"*  curve 
for  a  central  angle  equal  2a. 
The  corresponding  long  chord  may  be  taken  from  Table  IX. 
Then 


Fio.  31. 


^~2    B   • 


(48a) 


Example. -Given  p  =  CO  ft..  2)  =  4"  (i?  =  1432.7),  to  find  x. 


By  (43),         X  =  V'»5,y6:i  -  900  =  291.65  feet. 
By  the  second  method, 


30  X  4  =^  120, 

the  mid-ordinate  for  a  1"  curve  corresponding  to  an  angle  of 
23°  29',  for  which  the  long  chord  is  2332.6.     Now.  by  (43a), 


^  =  1  X  ^^  =  291.6  feet. 
2  4 


106.  In  Fig.  31,  Given  x  and  p  to  Find  the  Radius   of  a 
Curve  Tangent  to  yl^  at  ^  and  Passing  through  P. 


From  (43). 


li 


""   "  2'i' 


(44) 
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107.  Given  the  Location  of  a  Point  P  referred  to  the  P.  /. 
to  Find  the  Radius  of  a  Curve  through  P  which  will  Unite 
the  Given  Tangents. 


Fio.  32. 

In  Fig.  32  suppose  BC  —  I,  BP  =  m  known,  and  angle  a  cal- 
culated ;  or  PC  and  a  may  be  measured  on  the  field. 
From  triangle  CL40, 

5  =  90"  -  (a  +  iJ),     and     CO  =  R  sec  JJ. 

Now  from  triangle  i'CO, 

CO    .    . 

sm  y  =  -  -  sin  b. 


Inserting  values  of  PO  and  CO, 


72  sec  ^  J     .    ^  1  ,     •    r        sm  b 

sin  v  =  — -— .  sin  b  =  sec  11 .  sni  o  = ;-Tr 

li  *  cos  1/ 


,  .    (45} 


an  equation  from  which  the  unknown  H  has  disappeared.    Next, 
from  the  same  triangle,  since  x  =  180**  —  (6  +  y)» 


R  =  '-i'^* .  PC. 
sm  ic 


(46) 


When  I  =  90°,  it  can  easily  be  sliown  tliat 


11  =  I  \-  m  -I-  »  2i«i. 


(47) 
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108.  To  Locate  a  Tangent  to  a  Curve  from  an  Outside 
Point. 
First  Method.— In  Fig.  33  let  P  be  the  point  and  AHB  the 


'     E  H 


curve.  Run  a  trial-line  PA  cutting  the  curve  in  A  and  B, 
Measure  PA  and  AB ;  or  measure  PA  and  angle  a  between  the 
chord  AB  and  tangent  AL,    Then 

^i?=  2^(7=  2i?sina, 
OG  =  R  cos  a. 


By  geometry,  PE  =  VPA  X  PB,  PE  being  the  required  tan- 
gent.    From  the  figure, 

CO 
CP 

R 


tan  n  = 


tan  m  = 


PE' 


At  P  deflect  the  angle  I  =  m—n  from  PA  and  run  the  tangent. 
Second  Method.— In   Table  IX  find  tbe  long  chord  for  a 
central  angle  2a  ;  then 

AB  =  2AC=-^'^" 


D   ' 


and 


CH=§\ 
CO  =  R-  CH. 


We  may  now  proceed  as  before. 
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109.  To  Run  a  Tangent  to  Two  Located  Curves  of  Contrary 
Flexure. 

First  Case.— Iu  Fig.  34  let  FK  and  LE  be  the  curves,  and 
KL  =  p  measured  on  the  ground. 


H 


Fig.  34. 


Let  FB=  t  be  iLe  required  Uingcnt. 

Draw  Oxil  parallel  and  O^II  perpendicular  io  FE;  from  the 
triangle  OiHOi ,  since  FII  =  R, , 


whence 


t=  |/2(/^i  +  i?,)p+p'. 


(48) 


Also, 


cos  a  = 


Bi  -\-  Ri 


Jii-{-R^-{-p 


.    .    (49) 


The  arcs  FK  and  LE  may  be  found  from  the  angle  a  and  the 
known  curvatures,  after  which  the  points-?^ and  E m&y  be  set. 

If  t  is  given  and  p  required,  it  may  easily  be  found  from  (48). 

Second  Case,    p  not  known. 

Set  the  transit  at  a  point  A  on  one  curve  and  note  the  bearing 
of  the  tangent  to  the  curve  at  that  point  (see  Fig.  34);  the  bearing 
of  the  radius  Oa^  differs  from  this  by  90**.  Run  a  line -45C  of 
one  or  more  courses  to  intersect  the  oiher  curve  at  G.  Note  the 
bearings  and  lengths  of  these  courses  and  the  bearing  in  tangent 
at  C,  from  which  calculate  llie  bearing  of  COx,  R\  and  H^  being 
known,  the  latitudes  and  departures  are  next  calculated.    Let  O9JV 
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be  the  sum  of  tbe  northings  or  southings,  OiiVthe  sum  of  the 
eastings  or  westings  ;  from  tbe  triangle  O1O2N, 


tan  5  = 


and 


OiOa  =  VOiN'-{-O^N\ 


As  before,  FE  is  the  required  tangent  and  OaZf  perpendicular, 
while  OiZf  is  parallel  thereto. 


cos  a  = 


Ri  +  R^ 


Angle  FOaN=  6  -  a  is  the  bearing  of  O^F,  while  AO^F^ 
e  —  b-^-  a  is  the  angle  of  retreat  from  the  known  point  A  to  F, 
where  the  tangent  may  be  run.     The  length  of  i  =  OiII  is 

t  =  0^0^  sin  a. 


D.  Change  of  Location. 

110.  To  Locate  a  Curve  Parallel  to  a  Given  Curve. 

Let  p  be  the  perpendicular  between  parallel  tangents,  and  sup- 
pose ABC  located  (see  Fig.  35). 
If  there  are  no  restrictions  as  to  the 
position  of  the  points  E^  F,  and  G 
on  the  second  curve,  we  may  cal- 
culate the  new  degree  of  curve  Di 
for  a  radius  R,  =  if  -f  p,  by  (13), 
and  trace  the  curve  from  any 
point,  as  E.     Thus 

50 


sm  ^Di  =  —■  = 


H,      M  +  p' 

If,  however,  points  on  the  radii 
through  A,  B,  and  C  are  wanted, 
they  are  gotten  by  using  the  same  degree  of  curve  D  and  com' 
puling  the  length  of  chord  FE.    From  similar  triangles. 


'/O 


Fio.  35. 


EF 


AB 
B 


100 
B' 
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whence 


J^F=100~  =  100^^=  100(1  +  1).  .     .    (50i 


Had  EFO  been  the  located  curve,  with  radius  R,  we  should 
have  had 


^5  =  100 


R  —  p 

R    ' 


(51) 


111.  To  Change  the  RG.  of  a  Located  Curve  so  that  P.T, 
will  Fall  in  a  Oiven  Tangent  Parallel  to  Terminal  Tangent  of 

Located  Curve. 

Let  AB,  Fig.  86,  be  the  lo- 
cated  curve  ;  FE,  the  tangent 
in  which  the  P.  T.  must  fall. 

Let  tbe  distance  between  tan- 
gents be  HE  =  p. 

Draw  5^  and  00'  parallel  to 
AF ;  e viden  tly  ^  C  =  00'  =BE, 
0'  being  the  new  position  of 
center. 


A         C       Q         F 

;     ■* 

>^:^Vx\ 

J 

\b 

k 

h>. 

.<:-■< 

^ 

k 

oU:::... 

..■o' 

\ 

Fio.  36. 


In  triangle  BEE, 


BE=AC  = 


P 


sin/ 


=  p  cosec  L 


m 


Set  the  new  P.O.  by  measurement  from  A,  and  run  the  curve 
CE.  Any  system  of  straight  lines  and  curves  may  be  treated  as 
above,  provided  1  is  the  angle  between  initial  and  terminal 
tangents  and'p  as  before. 

Example.— A  located  2°  80'  curve,  having  /  =  25',  ends  in  a 
tangent  25  ft.  outside  of  desired  tangent.  Find  the  change  in 
position  of  P.C. 


By  (52), 


AC=25X  2.36620  =  59.16  ft. 


LOCATION. 


79 


112.  To  Find  the  Change  in  Radius  and  Position  of  P,G,  if 
P,T,  is  Required  to  fall  on  the  same  Radial  Line  but  on  a 
Tangent  distant  p  from,  and  parallel  to,  Terminal  Tangent  to 
Iiocated  Curve. 

In  Fig.  87  let  AB  be  the  located  and  CE  the  required  curve. 
Draw  the  parallel  chords  AB  and 
CE.  Di*aw(7fl'and5-F' perpendicular 
to  AB,  Theangles  FBE=  CAH^\I^ 

From  the  figure, 

CH=  AC^m^I, 
BF  =  BE  co^  \I  =  P  cos  \L 
Equating, 

J  C  sin  J/  =  p  cos  i  J, 
whence  Fio.  87. 


AO  =zpQoX\L 


(53) 


In  the  triangle  OPO,,  0,P  =  ^C,  OP  =  2?  -  i?i ,  and 

-  {B  —  Ri)  tan  1=  AG  =  p  cot  \I, 


or 


B  —  Bi  =  AG  cot  I  =  p  cot  J/,  cot  /. 


Therefore 


Bi  =  B-  AGcotI=  B-pcotil. cot  1. 


From  trigonometry, 


(54) 


cot  J/= 


sin  / 
1  —  cos  1 


,        .J.      cos/ 
and    cot  i  =  -; — ^ 
sm  1 


Inserting  these  values  in  (54)  gives 


tj       T>  sin  /        cos  I  cos  I 

Jit  =z  JtC  ^  p  , ^^^  J  .  ZsITT  =  /*  —  p . 


1  —  cos  / '  sin  1 


1  —  cos  / 


^^B-p 


cos  I 


vers  / 


From  trigonometry. 


ex  sec  /  = 


vers  / 
cos/' 


.'.  Bi  =  B- 


P 
ex  sec  /" 


(54) 
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Example. — A  2**  30'  ctirve  strikes  25  ft.  inside  a  tangent  ic 
which  the  P.T.  must  fall.  Find  the  necessary  change  in  radius 
and  position  of  P.O.  when  I  =  25°. 

By  (53)  the  change  in  P.  C.  is 

AG  =  25X  4.51071  =  112.77  ft. 


By  (54'), 


i?.  =  2292.01  - 


25 


.10338 


=  2050.38  ft. 


By  Table  I  we  find  this  to  be  the  radius  of  a  2**  47'  41"  curve. 

113.  Qiven   a  Located    Ourve  uniting    Two  Tangents  to 
Find  the  Ohange  in  Position  of  P.  C,  or  in  Radius  for  a  Given 
Ohange  in  the  Intersection-angle. 
First  Case. — Radius  unchanged. 

E^  In  Fig.  38  let  BGE  =  /  be  the  origi- 

^  Y  nal  intersection-angle,  FCE  =  /'  the 

new  angle.     From  the  figure, 

AG  =  AG-  OG, 

or 

AO  =  n  (tan  i 7"  -  tan  J/')-    (55) 

By  Table  IX. — From  the  table,  foi 
angle  /, 


T  = 


D 


Fia.  38. 


For/' 


T  = 


D 


Then 


A0  =  T-  r. 


Second  Case.— P.  C.  uncJinnged. 

Here  the  tangent   T  for  the   two  curves  is  the  same,  and 

therefore 

i?,  tan  J/'  =  iitanii; 

....      (56) 


Whence 


i?i  =  RiuvL\I.coi\r, 
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By  Table  IX, 

^  -  ~ir~      D, 

whence  A  =  ^'  ^       ,D  =  -'^^ 


T,4r 


T 


114.  To  Find  the  Change  in  R  and  P.  C.  for  a  Given  Change 
in  /,  the  P.  T,  remaining  unchanged 


In  Fig.  39,  from  the  triangles  OBQ  and  OiBH, 

00  -  R  cos  / 

and  OiH  =  Ri  cos  /i. 

Now  OA  =  IIF;  hence 

Rt  —  Ri  cos  Ii  =  R  --  R  cos  J. 

Whence 

„        _1  —  cos  I        „vers  J  ,^„. 

Ri  =  R. V  =  R r (57) 

1  —  cos  7i  vers  /i 

Also,  FA  =  H0  =  BU-  BG. 

Inserting  values  of  BH  and  BO,  there  results 

FA  =  i?i  sin  /,  -  2?  sin  /. (58) 

116.  Given  a  Located  Curve  to  Find  the  Change  in  R  for 
a  Given  Change  in  2\  1  remaining  unchanged. 

In  Fig.  40,  from  the  triaugles  OAG  and  OiEC,  since 
EA  =  EC-  AG, 
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Whence 


i?»  tan  K  -  i?  tan  \I  =  EA  =  T  - 

A  C 


T. 


•    •    • 


(59) 


Fio.  40. 


By  Table  IX,— EA  being  known,  T'  =  T+EA.    Then,  by 
(15a), 


B,  = 


T' 


If  the  change  in  vertex  of  curve  is  wanted,  there  results,  from 
(25). 

E=  GO  ^  rtan  K,      E'  =  CH  =  T'  tan  IL 

Therefore         OE  =  E'  -  E  =  (T'  -  T)  tan  iZ     .     .    .    (60) 

OH c&n  be  found  from  Table  IX  after  finding  Di  as  above. 
If  Ri  is  given  and  EA  wanted,  (59)  yields 

EA  =  T'  -  T  =  {R^  --  R)  tan  J/. 

116.  To  Find  the  Radius  of  a  Curve  having  the  Same  P.C, 

as  a  Given  Curve,  but  ending  in 
a  Parallel  Tangent. 

In  Fig.  41  let  the  perpendicular 
distance  between  tangents  bep,  and 
AB  be  the  located  curve;  AOi  =  Ri 
is  required. 

First  Method. — Draw  OH  &t 
right  angles  to  OiE;  then 

0,Ez=  0,H+  H0+  OE, 
or 

i2i  =  (2?j  -  i?)  COS  /+  i?  +  p. 


Fig.  41. 
From  which    72,  =  2?  + 


P         _ 


1  —  cos  /  vers  / 


^.   .     .     .     (61) 
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Second  Method. — A,  B,  and  E  lie  on  the  same  straight  line, 
since.  /  is  the  same  for  both  curves.  In  triangle  BOE  angle 
ESQ  =  i/,  and 


BE  =    .     ,  y  =  p  cosec  47. 

SIQ  J/ 


From  Table  IX,     AB=  -^"^^ 


D 


AE  —  AB  +  BE  is  the  long  chord  for  curve  of  degree  Di; 
therefore 


jJi  —  — 


AE      • 


If  desired,  R  may  be  found  by  (12')  or  Table  I. 
Thibd  Method. — Draw  FL  parallel  to  OxE;  then 


v 

CF  =  -r~i  =  p  cosec  /. 
smi 


From  Table  IX,      AG==^'^^ 


D 


AF^  AC-\-  GF,  the  tangent  distance  for  second  curve ;  hence 


i>.  =  ^'^^ 


AF 


Hbmabk. — If  transit  is  set  up  at  B^  it  will  be  well  to  set  E 
by  measurement  from  B,  to  serve  as  a  check  when  the  curve  is 
run  in  from  A, 
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Article  9.    Compound  Curves. 

A,  Location  Problems, 

117.  Qiven  Two  Unequal  Tangents,  their  Intersection-angle, 
and  One  Radius,  to  Find  the  Other  Radius  of  a  Oompound 
Ourve  uniting  Tangents. 

Ill  Fig.  42,  AH  =  Ti  and  BII=  Tt  are  the  known  tangents, 
AOi  =  Ri  the  known  radius.  BO^  =  Ri  and  the  angles  Ix  and  /» 
must  be  found  before  curve  can  be  located. 


Extend  first  branch  to  F,  so  that  tangent  FL  is  parnllcl  to  BH, 
Draw  iZfiT  and  BO  perpendicular  to  FL  \  dniw  FB  and  extend 

to  J^;  it  will  pass  through  the  P.C.G.,  because  the  central  angles 

EOiFand  EOiB  are  equal.    Then 

T^  =  AL  =  Ri  tan  \L 
In  triangle  LHK,  since  LII  =To-Tx, 
s  =  KL  =  {To-  Ti)  cos /, 


p  =  IIK=BG  =  {  To  -  Ti)  sin  /. 
Now  in  triangle  BOFixug\e  BFG  =  Ua ,  and 

l^FQ=T,-ir9-T^, 
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■ 

tanj/»  =  r («2) 

Draw  Oaif  parallel  to  FL  ;  then 

{fix  -  i?a)  sin  /,  =  I, 
whence 

I 
Ri  =  Ri  -- -r—p  -  Ri  -  I  co3ec  li.     .     .    (68) 
sm  It 

Had  i2j  been  required,  the  equation  would  have  been 

Ri  =  Ri-\-l  cosec  /a. 

Evidently,  /,  =  /  -  /a. 

In  the  field  the  points  E  and  P  may  be  located  by  running  in 
the  curve  from  A  as  staiting-poiut,  or  run  the  chord 

AF  =  2R,  sin  \I 

from  Ay  and  at  2^ deflect  angle  AFB  =  \I  —  \I^  =  |7i ,  measure 
FB  =  ^sec  iia  and  BE  =  2/^3  sin  ^U 

Example.— A  2"  curve  has  the  P.O.  at  sta.  110,  Ti  =  590  ft., 
Ti  =  511.8  ft.,  1  =  30°  50'.     liocate  the  curve. 

By  Table  IX,  n  =  1580/2  =  790  ft. 

By  formulas  above, 

«  =  200  X  0.838G6  =  171.73  ft.. 

^  =  200  X  0.51254  =  102.51  ft., 

;  =  790  +  171.73  -  511.8  =  449.93, 

102  51 
tan  |/a  =      I"''   =  0.22784  =  tan  12*'  50^. 

Then  /i  =  30"  50'  -  25°  40'  =  5'  10'. 

440  97 
i?a  =  2864.93  -  'T^o  =  1833  feet. 
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By  Table  I  this  is  seen  to  be  the  radius  of  a  3**  71'  curve. 

The  length  of  first  branch  is  258.3  feet,  and  of  the  second  821.3 
feet;  hence  the  P.C.C7.  falls  at  112  -f  58.3,  while  the  P,T,  is  at 
sta.  120  -f  79.6. 

118.  Given  the  Long  Chord  from  P.C.  to  P.T.  of  a  Com- 
pound Curve,  the  Angles  it  makes  with  the  Tangents  and 
One  Radius,  to  Find  the  Other  Radius  and  the  Central  Angles. 

In  Fig.  42  AB  is  known,  as  also  the  angles  HAB  =  a  and 
HBA  =  h.  Two  angles  and  one  side  of  the  triangle  HAB  are 
known,  and  the  sides  HA  =  Tx  and  HB  —  T^  may  be  found, 
after  which  the  solution  is  the  same  as  in  the  last  problem. 

A  solution  may  be  reached  in  a  different  manner.  /  =  a  +  ^» 
HAF  =  \I=  \(a  -f  6),  and  BAF  z=  \{a  +  h)  -  a  =  \{h  -  a), 
AF  =  2Rx  sin  J/.  In  triangle  BAF  two  sides  and  the  included 
angle  are  now  known,  so  BF  and  angle  BFA  may  be  found; 
GFB  ^  \h  =  il  -  BFA. 

Then  EF  =  22?,  sin  J/a , 

and  EB  =  EF  -  5F  becomes  known. 

Then  EB  =  2i2a  sin  J/,  =  2Iii  sin  J/a  -  BF, 

BF 

whence  i2a  =  i?i  —  zr—. — r-^- (64) 

2  sin  i/a 

Evidently  L  =  I  -  I^ 

119.  Given  the  Radii  and  Central  Angles  of  a  Compound 
Curve  to  Find  the  Tangent  Lengths,  the  Long  Chord  from 
F.C.  to  P.T.,  and  the  Angles  it  makes  with  Tangents. 

In  Fig.  43  draw  AE  and  BE  from  the 
P. a  and  P.T.  to  the  P.C. (7.,  then 
calculate  AE  and  BE  by  (16)  or  by 
Table  IX.  In  triangle  AEB  angle 
AEB  =  180  -  !(/,  +  /,).  Two  sides 
and  the  included  angle  being  known, 
the  triangle  AEB  may  be  solved  for 
AB  and  the  angles  ABE  and  BAE; 
then 

BAF=  BAE'\-iIi, 

Fio-  43.  ABF  =  ABE  +  i/.. 

The  angle  AFB  of  triangle  ABF  now  becomes  known  and,  as 
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AB  is  known,  the  sides  AF  =  Ti  and  BF  =  T^  may  be  com- 
puted. 

120.  Given  the  liong  Chord  from  P.C.  to  P.T,  of  a  Com- 
pound Curve  and  the  Angles  it  makes  with  Tangents  to 
Find  the  Radii  when  the  Common  Tangent  is  Parallel  to  Long 
Chord. 

In  Fig.  43  let  QH^q  parallel  to  AB,  and  OAB  =  a,  HBA  =  h 
known.    Then 

BAE  =  BAG  =  QEA  =  Ja, 
and  ABE  =  EBB  =  HEB  =  lb. 

Also,  AEB  =  180"  -  l{a  +  b). 

In  triangle  AEB,  remembering  that 

sin  [180  -i(a  +  b)]  =  sin  K«  +  ^), 
^^^AB  sin  lb 


and 


sin  l(a  4"  by 


BE  =  —  ^  ^^^  ^^ 


sin  l(a  +  by 


Since  AOiE  —  a  and  jSTOa^  =  &,  the  radii  Bx  and  i?a  may  be 
found  from  formula  (16),  or  (16a). 

By(16),      J?.  =  M^  =  __^^|i5i*_.     ...    (65) 
^  ^    **  Sin  \a      2  sm  \a  .  sm  J(a  -|-  6) 

J,   ^\BE_  AB  sin  ja 

^^  "■  sin  \b-%  sin  J6  .  sin  \{a  +  6)*     *     *    '     ^^^^ 

ExAMPLB. — Required  B\  and  i2a ,  or  Di  and  Da ,  when  AB  = 
900  feet,  a  =  12%  b  =  15'. 

By  (65),  Bx  -  2407.0  ft. 

By  (66),  iJa  =  1543.7  ft. 

From  Table  I,    D,  =  2''  22'  50"    and    Da  =  3''  42'  44". 
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B.  Obstacles. 

121.  To  Locate  a  Point  on  i,ne  Second  Branch  of  a  Com- 
pound Curve  when  the  P.G.G.  is  Inaccessible. 

OrdiDJirily  the  second  branch  is  located  by  setting  transit  at  the 
P.G.G  and  running  the  curve  from  that  point.  An  obstacle  on 
either  curve  may  then  be  passed  by  the  methods  given  for  simple 
curves. 

When  the  P.G.G.  is  inaccessible, 
,aQ  locate  the  first  branch  from  the  P.  (7. 

and  the  second  branch  from  the 
P.T.,  if  this  latter  point  is  known. 
When  this  is  not  the  case  proceed 
by  one  of  the  following  methods: 
First.  By  means  of  a  Umg 
chord. 

In  Fig.  44  let  E  be  the  PG.  C, 
A  some  known  point  on  first 
branch,  EF  a  tangent  at  E,  and 
AB  jiarallel  to  FE.  The  station 
numbers  of  A  and  E  being 
known,  the  arc  AE  and  angle  a 
are  readily  found  ;  then 

EL  =  i?a  vers  b=  Ri  vers  a, 


whence 


next, 


vers  6  = 


Bi  vers  a 
Bi 


(67) 


AB  =  Bi  sin  a  -{-  B^  ain  b (68) 

Deflect  FAB  =  a  from  tangent  at  A  •  measure  out  AB  ;  set  the 
transit  at  B  and  locate  the  second  branch. 

By  Table  IX.— Take  the  mid-ordinate  in  table  for  an  inter- 
section-angle 2a  ;  then 

Mt^2a 


EL  = 


A 


Then  EL  X  D^  is  the  mid-ordinate  for  a  1"  curve  having 
I  =  2b,  from  which  b  becomes  known.  From  the  table  now  find 
AL  and  LB,  the  half- chords  for  angles  2a  and  2b,  and  proceed  as 
before. 

Second  Method. — By  means  of  tangents. 

^om  Fig.  44,         AF  =  FE  =  /?,  tan  ja. 
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Set  transit  at  F,  deflect  OFE  =  a,  and  by  some  indirect  method 
measure  to  au  accessible  point  H. 

EHz^FH-FE, 
and 

EH 


tan  \h  =  -^-,  from  formula  (14). 


Angle  h  is  now  known  and  equals  OHEy  which  deflect  from 
EH\  then  measure  HB  =  EU^  and  with  transit  at  B  locate  the 
second  branch  of  curve. 

Ob  by  Table  IX.— Find  AF  =  FE,  the  tangent  distance  for 
I  =  a;  then  having  i^if  measured,  take  Ti  =  EH  X  B^  and  find 
the  corresponding  angle,  which  equals  b  ;  then  proceed  to  locate 
curve  as  above. 

Example.— Let  -4  be  at  sta.  126,  P.  C.  C.  at  128  +  25;  the  degree 
of  first  branch  4°,  and  of  second  6°. 

By  the  first  method  EL  =  17.635  for  a  =  9%  and  b  =  11°  2\ 
nearly.  AL  =  224.1  ft.,  BL  =  182.75  ft.,  and  therefore  AB  = 
406.85  ft.  Angle  b  =  IV  2'  corresponds  to  183.9  ft.  around  6" 
curve;  hence  the  P.T.  number  is  130  -f  08.9. 

By  the  second  method  AF  =  112.74  ft.  Suppose  FH  =  264  ft., 
then  EH=  151.26  ft.,  which  multiplied  by  6  gives  907.56  ft., 
corresponding  to  /  =  18**.  The  arc  EB  is  now  300  ft.,  making 
B  fall  at  sta.  131  +  25. 


that 


C.     Change  of  Location, 

122.  Having  a  Simple  Curve  Located  to  Find  the  P.C.C.  so 
a  Curve  of  Given  Radius  shall  connect  with  a  Given 

Tangent    Parallel     to    Tangent     to 
Located  Curve. 

Let  NAB,  Fig.  45,  be  the  located 
curve,  JIF  the  tangent  in  which  the 
second  branch  must  end.  The  dis- 
tance BG  =  p  between  tangents  is 
known  from  measurement.  If  angle 
a  can  be  found,  the  arc  ^^^1  becomes 
known  and  the  point  J^  can  be  located 
from  B.  Draw  O^L  from  the  center 
of  second  branch  perpendicular  to 
Fig.  45.  Q^B^      lu    triangle    O^OiL,    0,0^  = 

Si  —  B%,  and  OiL  ■=Bi  —  (i?a  +  p) ;  therefore 
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P 


cos  a  = 5 7^  =  1  -  J. ^. 

lii  —  iia  -til  —  JKi 


(69) 


Then  a  divided  by  Di  gives  arc  BA. 

If  desired,  BR  may  be  found  from  the  right  triangle  BHO,  in 
"whicli  the  side  BG  =  p  and  angle  OHB  =  Ja  are  known — 
A,  Hf  and  B  lying  in  the  same  straight  line ;  then 


Bn=: 


V 


=  p  cosec  \a. 


(70) 


sin  \a 

Or  BA  and  -H^  may  be  found  from  Table  IX,  after  which 
BH^BA-  HA, 


Example. — A  3°  curve  ends  in  a  tangent  at  sta.  160  +  50, 
35  ft.  outside  of  desired  tangent.  Find  the  point  of  compound- 
ing with  a  4"  50'  curve. 

From  Table  I,  R  for  3^  curve  equals  1910.08  ft.,  and  for 
4''  50'  curve  1185.78  ft. 


Then,  by  (69),   cos  a  =  1  - 


35 
724.3 


=  0.95168. 


From  table  of  cosines  angle  a  is  found  to  be  17"  63'.    Dividing 
this  by  3  gives  5.961  stations  for  the  arc  BA.    Hence  the  P.C.C.  ^ 
number  is  160.50  -  5.961  =  sta.154  +  53.9,  and  the  new  P.T,  is 
at  sta.  158  +  23.9. 

123.    Qiven    a    Located    Compound    Curve    •nding   in  a 
Tangent  Parallel  to,  and  a  Given  Distance  from,  a  Tangent 
in  which  the  Curve  ia  required  to  end.     To  Find  the  Neces- 
sary Change  in  P.  C.  G. 
First  Case. — Terminal  branch  hating  shorter  radius. 

In  Fig.  46  let  ABC  be  the  located 
curve,  AEF  the  one  required  ;  angle 
BOiC  =  a  known,  and  also  MN  =^  p. 

If  angle  EOM  =  h  can  be  found,  the 
angle  of  retreat  from  B  \o  E  will  equal 
h  —  a. 

Draw  Ox'K  nnd  OiL  perpendicular 
to  ON,  which  is  parallel  to  OxC. 


Fig.  46. 


Then     OK  ={,R-  Ri)  cos  6, 
OL  =  (R-'  Ri)  cos  a. 
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Now  ZJf  =s  Bi-KL-R,-  MN.  from  which  KL  =  MN=p, 
Hence 

(B  —  Bi)  cos  J  =  (-R  —  Bi)  cos  a  —  p. 
From  which 

P 

cos  6  =  cos  a  —  p       p (71) 

i*  —  ill 

Divide  6  —  a  by  D,  the  curvature  of  first  branch,  and  move 
back  that  number  of  stations  from  B  to  the  new  P.  C.G,  at  E, 

Join  0.0,';  evidently  ii^C  =  0,0i'.  and  angle  KOi'Oi  =  CFG ; 
00/ Ot  =  90°  -  i(6  -  a),  OO/iT  =  90°  -  b.    Hence 

C^FGf  =  KO^'Oi  =  [90  -  J(^  -  a)]  -  (90  -  6)  =  l(ft  +  a).    (72) 
From  triangle  C7(?F,  # 

Or,  from  triangle  00/0, , 

FC  =  0,'0,  =  2(12  -  Bi)  sin  i(5  -  a). 

Had  J-iSFbeen  the  original  curve,  b  would  have  been  IsLnown 
and  a  required. 

From  (71),  cos  a  =  cos  6  +  _    ^^ (74) 

JtC  —  i*, 

CJ^and  angle  Ci^'iif  are  given  by  formulas  (73)  and  (72). 

Example. — A  2"  curve  couipoumis  with  a  4"  curve  at  sta. 
82  +  30;  a  =  20°  30',  p  =  40  feet.  Find  number  of  new  P. 0.0. 
and  distance  between  P.T.s. 

From  (71).  cos  b  =  0.93667  -  ^864.0  -1432.7  =  ^"^^^ 
This  yields  &  =  34'  40',  and  J  -  a  =  4*  lO*. 

A  1  AA 

The  change  in  P.aC\  is  -~-  =  2.083  stations;  the  RC.O. 
number  is  therefore  82.30  -  2.083  =  sta.  80  +  21.7. 
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By  (72), 
By  (73), 


CFO  =  i(24'  40'  +  20**  30')  =  22**  35'. 
FG=40X  2.60399  =  104.2  feet. 


Second  Case. — The  terminal  branch  having  longer  radius. 

Let  CAB,  Fig.  47,  be  the  located 
curve  with  P,C.C.  at  A,  and  let 
FK  be  the  tangent  in  which  the 
curve  is  required  to  end. 

The  distance  BK  =  p,  the  mdii 
OA  =  B,  OiA  =  Rx ,  and  angle 
AOxB  =  a  being  known,  it  will 
be  suflacient  to  find  angle  EOx'F 
in  order  to  get  the  angle  of  ad- 
vance, AOE  =  a  —  b.  Draw  OL 
and  OxN  perpendicular  to  Ox'F 
^'®'*'''-  and    OxB,      From    the    triangles 

0,'Oif  and  0,0Z,  % 

(Ri  -  R)  cos  b  =  0/iV+  (^1  -  R)  cos  a. 


^^  /y  \ 

IM 

^^\r'\}. 

\ 

Ox          L 

K 
H 

«-P"» 

B 


But 


Oi'N=KB  =  p; 


therefore 


(7?i  —  R)cosb  =  p-{-{Ri  —  R)  cos  a. 


Whence 


cos  b  =  cos  a  -\- 


P 


Rx  -R 


(75) 


Then  — ^r-  will  be  length  of  curve  from  A  to  E, 


Angle  KFB  =  NO.Ox'  =  00,0/  -  NOxO. 
But   00.0/  =  90°  -  J(rt  -  b)    and    iVOiO  =  90  -  a. 
•.    KFB  =  [90°  -  |(a  -  b)]  -  [90  -  a]  =  1(«  +  ^)- 


From  triangle  KFB, 


FB  = 


P 


sin  i(a  +  6) 

Or,  from  triangle  OiOO/,  since  OxOx'  =  F.5. 
77"^  =  2(Rx  -  i?)  sin  ^(a  -  b). 


=  p  .  cosec  l(a  +  ft).  .    .    •    (76) 
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If  ^l^had  been  the  located  curve,  h  would  have  been  given 
And  a  required.    From  formula  (75), 


cos  a  =  cos  b  — 


Hx'-B' 


(77) 


Example. — ^A  5*  curve  compounds  at  sta.  60  with  a  2**  curve, 
and  the  P.T,  is  at  sta.  80.  What  will  be  the  number  of  RC.O. 
if  the  PiT,  fall  in  a  tangent  81  feet  inside  of  terminal  tangent? 
Here  a  =  40\ 


81 


By  (76),        cos  6  =  0.76604  +  -^  =  0.81316. 


Hence  b  =  35°  36'  and  a  -  J  =  4*  24'.  corresponding  to  88  feet 
around  the  5**  curve.  The  number  of  the  new  P.O. C.  is  therefore 
60  -f  88. 

angle  KFB  =  1(40"  0'  +  35**  30')  =  37*  48'. 


dDd 


FB=  Six  1.63157  =  132.16  feet. 


124.  Qiven  a  Located  Compound  Curve  to  Find  Necessary 
Change  in  P»C.C.  and  Radius  of  Second  Branch  to  make  the 
P.T.  fall  in  a  Tangent  Parallel  to  First  Terminal  Tangent 
and  in  a  Point  on  the  Same  Radial  Line. 

First  Ci^SE.— Second  branch  having  shoi'ter  radius. 

In  Fig,  4S,0B=R.0iB=Ii,  angle 
a  and  HO  =  p  are  known.  OiE^R^ 
and  angle  b  must  be  found  ;   then 

^-^^  =  BE  will  be  the  change  in 

PG.C 

Produce  first  branch  to  K,  where 
OK  is  pai-allel  to  0,  C.  Since  BOK 
=  BOx  C,  B,  K,  and  C  lie  in  the  same 
straight  line;  and  since  EO^F ^  0 
EOK,  E,  F,  and  K  lie  in  the  same 
straight  line.    Therefore 

KCQ-\a,    and    KFH=\b. 


Fto.  48. 
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From  triangles  ^J^jgTand  KCO, 

,,      HK       OK       OH  ,     .      p 


But 


FH-  0,L  =  {R-Rx)  sin  a. 


. '.    tan  \b  =  tan  \a  + 


{R-  Ri)aina 


m 


From  triangles  OOi  L  and  00%M, 


(R-R^)  sin  &  =  (/i  -  1?,)  sin  a. 


Whence 


jj,  =  i?  -  (ii  -  A)  ^. 

sm  b 


(»- 


Had  iiiZ^i^  been  the  first  curve  located,  b  and  R^  would  be 
known,  a  and  Ri  required. 
From  the  figure,  reasoning  as  before, 


and 


tan  la  =  ten  iJ  -  ^-^— g^^j^ (80) 


-^  ^»  •-  sin  b 

Rx=R-(R-  i?,)  - — (81) 

^  sni  a  ^ 


Second  Cabr.— Second  branch  having  longer  radius. 


Fig.  49. 


In  Fig.  49  let  AB  be  the  located  curve,  J^Ftbe  curve  required, 
OA  =  i?,  0,A  =:  if.,  O^E  =  i?„  FB  =  p. 
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A  and  angle  b  are  wanted,  angle  a  being  known. 
We  can  show,  as  in  first  case,  that 

HFK  =  lb,    HBL  =  \a, 

OM-  KF^LB-  {Bi  -  B)  sin  a; 
and  hence 

.       HK     EL        p 

Or  inserting  values, 

Angle  b  now  becomes  known  and  — jr—  =  -42^  in  chains,  which 

Is  the  change  in  position  of  P.  G.  C, 
From  triangles  OOiM  and  00%M, 

(Bt  -  B)  sin  b  =  iBi-'B)  sin  a 


.-.  i?.  =  2?+(i?i-i2)~-j (83) 


Had  the  new  tangent  fallen  outside  the  old  one,  we  should  have 
had 

tanja  =  tanl6+— -^^^jjj-^,      ...    (84) 


and 


B,  =  R  +  (R,-Rf^. (86) 

sm  a  ^    ' 


126.  Having  a  Located  Compound  Curve,  to  Find  the 
Change  in  P.C.C,  and  Radius  of  Second  Branch  in  order  to 
Canae  P.T,  to  Fall  at  a  New  Point  in  Terminal  Tangent. 

FiBBT  Case. — Second  branch  having  gJiorter  radium. 
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Ill  Fig.  50  let  NAB  be  the  located  curve,  and  C  the  point  where 
P.T.  is  required  to  fall.  Let  BG  -KOA-  R,  OiB  =  iJ, ,'  and 
angle  Oj  OH  =  a  be  known;  angle  h  and  Hn  are  required. 


S  H      M 


Fig.  50. 


Extend  first  bmncb  to  F,  muking  OF  parallel  to  OiB,  A,  B, 
and  Flic  on  a  straight  line,  for  angles  AO\B imd  AOF&re  equal; 
likewise  E,  G,  and  F  lie  on  the  same  straight  line. 

From  triangles  ^J?2^and  OGF, 


^  ^.       OB      GB  ^  .  k 


But     0F=  IIM=(Ii-  i?i)(l  -  cos  a)  =  (i?  -  i?,)  vers  a. 


'.  cot 


=  cot  -la  —  -75 jT- . 

^         {B  —  Hi)  vers  a 


(86> 


From  triangles  OOiE&ud  OOiL,  since  OxP  =  k, 
(R  —  Ri)  sin  b  =  {R—  Ri)  ain  a  —  k. 


Whence 


R.  =  R+ 


k  -  \R  -  Ri)  sin  a 

sin  b 


(87) 


Then  b  —  a  divided  by  D  gives  arc  A  tt    With  radius  7?s locate 
the  curve  EC  from  C  or  E. 
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Had  NEC  been  the  located  curve,  i?,  i?a ,  and  h  would  have 
been  known,  R\  and  a  required.     lu  this  case 


cot  \a  =  cot  ^b  -\- 


k 


(R  -  Bi)  vers  b' 


(88) 


i?i  =  iJ- 


Aj-f  {R-  Ra)sin6 


sin  a 


.    (89) 


Second  Case. — Terminal  branch  having  longer  radius 

In  Fig.  51  let  NAB  be  the  located  and  NEC  the  required  curve. 


H         L  R, 


Fia.  61. 


Let  CB  =  A;  be  known.     Then,  as  in  the  first  case. 


,,^       OG      OB        k 

cot  \b  =  •^-  =  rrj^  — 


FG       FG      FG' 


,\     cot  ^5  =  cot  Ja 


k 


{Ri  -R)  vers  a' 


(90) 


and 


{Ri  -  R)  sin  a=  (Ri-  R)ainb-i-k; 


whence 


(/?,  -g)sina-^ 
Ii,-R+ -^ .    .    .    (91) 
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Had  NEC  been  located  and  NAB  required,  the  equations  would 
have  been 


cot  \a  =  cot  \h  -{- 


and 


'+(«. 

— 

k 

R) 

vers  6 

(A- 

B) 

sin 

h-\-k 

.     .     .     (92) 


i?i  =  iJ  +  ^^ "7  '  ".    .     .    (93) 

sin  a  ^ 


In  either  of  these  two  cases  if  k  is  unknown  and  the  new  radius 
given  or  assumed,  the  desired  angle  and  the  value  of  k  may  be 
found  from  the  foregoing  equations.  Or,  knowing  the  new  angle, 
the  new  radius  and  value  of  k  may  be  found  from  the  same 
equations. 

126.  To  Replace  a  Curve  of  Qiven  Radius,  which  unites 
Two  Tangents  with  Known  Intersection-angle,  by  a  Threes 
centered  Compound  Curve. 

In  Fig.  52    let  OA  =  /^   be   the   radius  of    located  curves 


OiC=  0^'A  =  Ua  the  radius  of  terminal  portions  of  the  three' 
centered  curve,  and  the  other  notation  as  shown  in  the  figure. 

Draw  OaOa',  and  draw  i^Oif  perpendicular  thereto.     From  tri- 
angles O^OiH  and  O^OH, 

O^H  =  (i?a  —  Ri)  sin  \Ix  =  (i?a  -  B)  sin  J/.  .     .     .    (a) 

Suppose  i?a  and  Bi  to  be  assumed ;  then  equation  (a)  yields 

sin  \L  =  f*""  p  sin  J/.      ....    (94) 
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Then  AO^'E  ==  CO^G  =  i{I  -  Ti),     .     .    .    (95) 

Suppose  AO%E,  CO^G,  and  R^  to  have  been  assumed.  From 
(95)  find  /i ;  then,  from  equation  (a), 

i?i  =  i?,  -  (i?a  -  i?)-?J5L|^ (96) 

sm  i/i 

ExAMFLB. — Given  a  4"  curve,  I  =  38*,  and  the  terminal 
branches  composed  of  a  2°  curve  for  two  stations,  to  find  Ri  and 
2>i  for  the  central  portion. 

Here  L  =  38"  -  2(2  X  2)'  =  30^ 

From  Table  I,  i?a  =  2865  ft.,    i?  =  1432.7  ft. 

Whence  Ii9^R=  1432.3  ft. 

Log  1432.3       =  3.15603 
**    sin  19"  0'  =  9.51264 


2.66867 
"    sm  15"  (y  =  9.41300 


.-.     log  1801.7  =  3.25567 

Therefore  Ri  =  2865  -  1801.7  =  1063.3  ft.,  and,  by  Table  I, 
Di  =  5"  23'. 4,  nearly  enough. 

127.  To  Substitute  a  Curve  of  Given  Radius  for  a  Tangent 
uniting  Two  Curves. 

In  Pig.  53  let  the  tangent  BC  =  t,  OB  =z  R,  O^C-R^,  and 
O^A  =  i?a  be  known. 

Angles  a,  i,  and  c  must  be  found  in  order  to  substitute  curve 
AE  for  the  system  ABGE. 

Draw  OF  parallel  to  BG,  then  0^F=  R^  —  R,  and,  from  triangle 
00,F. 

tend  =  ^-— ^, (97) 


t 


O0,  =  -r-^=t,cosecd=  i^{R^-Ry+t*.      .    (98) 
*      sin  rf 
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Now  in  tnangle  OOiOt  three  sides  are  known  and  the  angles 
c  and  e  may  be  computed.    Thus  if  8  is  the  half-sum  of  the  sides, 


cos  ic  =  i/-f(i^li?^  . 


Angle  e  may  be  fouud  in  like  manner,  then  b  =  180'—  (e  •}-  d)t 
and  a  =  e  —  b. 

Points  A  and  E  may  now  be  located  and  the  curve  traced. 

Example. — A  3°  and  a  5**  curve  are  united  by  a  tangent  500 
feet  long.     Replace  by  a  2*  curve. 

Here        ^,--11  =  1910  -  1146  =  764  feet. 

500 
By  (97),       tan  rf  =  ^  =  0.65444  =  tan  33"  12' 

By  (98),  OOx  =  913.1  feet. 

In  triangle  00,0a,  OOi  -  913.1,  0,0^  =  954.9.  and  00%  = 
1718.7  feet.     Solving  for  e  and  c, 

e  =  133''  36'.     c  =  23''  0'.     Then     b  -  13''  12'.     a  =  9**  48'. 
Article  10. — Track  Prohlems — Curved  Froos  Assumed. 

128.  Reversed  Curves  should  never  be  employed  on  main 
lines  because  of  the  shock  due  to  sudden  reversal  of  curvature 
and  superelevation  of  outside  rail.  A  short  tangent  should  be 
interposed  between  the  two  curves,  which  may  ordinarily  be  done 
by  changing  the  end  points  of  the  curve,  or  slightly  altering  the 
radius.  At  least  one  large  railway  system  in  the  United  States 
prescribes  120  feet  as  the  minimum  length  of  intervening  tangent. 
If,  however,  transition  curves  are  employe<l  to  ease  off  both 
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curves,  there  would  seem  to  be  less  objection  to  the  use  of 
curves  of  contrary  flexure,  provided  the  track  may  be  kept 
always  in  perfect  condition.  In  yards,  crossovers,  and  where 
connection  is  made  with  existiug  track,  reversed  curves  may  be 
employed,  and  are  often  imperative. 

129.  Having  a  Located  Curve  Intersected  by  a  Straight 
Line,  to  Connect  them  by  Another  Curve. 

Either  the  radius  of  the  joining  curve  may  be  given,  or  else  the 
point  on  first  curve  at  which  the  junction  must  be  made.  The 
angle  between  a  tangent  to  located  curve  at  the  point  of  meeting 
and  the  straight  line  must  be  measured.  Four  possible  cases 
occur. 

First  Case. — Joining  curve  tangent  to  located  curve  internally 
and  on  same  side  of  cutting  line  as  center. 

In  Fig.  54  let  OF  be  joining  curve,  with  center  Oi  and  radius 
Ri.  Let  radius  of  located  curve  OF  =z  R.  Draw  OiO  and  OH 
perpendicular  to  the  cutting  line  produced,  and  O^K  parallel  to 
AH,    If  Rx  is  known,  we  must  determine  angle  6,  a  having  been 


L 
H 

K 


• 

R 
0, 

^    i     G     \^            B 

/      ^ 

/      ^ . 
/       >> 

1     ''  u 

/       ^     ^-""^ 

/     *    ^^^^^ 

Fig.  54. 

measured;  then  b  —  a  gives  the  length  of  arc  from  A  to  i^  where 
the  P.C.C.  is  to  be  located.     In  the  triangle  EOOi  we  have 

OK  =  OH-  R,    and    00^  =  R  -  Ru 

R  cos  a  —  Ri 


Then 


cos  b  = 
b  —  a 


D 


R  —  ^1 
=  arc  AF. 


m 


Had  F been  given,  we  should  have  6  =  a  -^-AOF,  and,  from  (99), 

R  (cos  a  —  cos  b)      R  (cos  a  —  cos  b) 


Ri  = 


1  —  cos  b 


vers  b 


(100) 
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Example. — A 1**  curve  is  cut  by  a  tangent  that  makes  an  angle 
of  64°  32'  with  tangent  to  curve.    Unite  by  means  of  a  4*  curve. 

By  (99),  cos  h  =  0.24000  =  cos  76'  07',  and  therefore  6  —  a  = 
ir  35',  making  AF,  of  figure,  11.58  stations. 

Second  Casb.  —  Joining  curve  tangent  internally  to  located 
curve  but  on  opposite  aide  of  cutting  line  from  center  of  located 
curve. 

In  Fig.  54  let  arc  ME,  with  center  0^  and  radius  i?3 ,  be  the 
joining  curve.     From  the  figure, 


cos  d  = 


R  cos  a  4"  -Ra 


(101) 


Then  arc  AE  =  a  -  d  divided  by  i),  and  c  =  180''  -  d. 
Had  the  point  i(7  been  given  and  i?a  required,  it  would  have 
been,  from  (101) 

i?(cos  d  —  cos  a) 


S,= 


(108) 


1  +  cos  d 

Example. — Take  the  same  example  as  in  first  case-     Here, 

By  (101),        cos  d  =  0.9068  =  cos  24'  56'. 

Then  64"  33'  -  24"  56'  =  39°  86', 

equivalent  to  39.600  stations  around  curve  from  A  to  E. 

Third  Case. — Joining  curve  tangent  externally  to  located  curw, 
toith  center  on  same  side  of  cutting  line. 
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In  Fig.  55  let  arc  JBC,with  center  0,  and  radius  /?, ,  be  the  join- 
ing curve.  Draw  OxE  parallel  to  CF,  and  OiCand  OF  perpao- 
dicular  thereto. 
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From  the  figure, 

(B  +  Ei)coab  =  Hcosa  —  Si; 

.-.  cos  6  =       ^^^^ (103) 

Then  d  =  180  —  b,  and  AOB  =  b  —  a.  The  curve  may  now  be 
traced  on  the  ground. 

If  ^C  is  wanted,  we  have  AG  =  (/?  -f  i?i)  s\ub  —  B  sin  a. 

If  the  point  B  is  fixed  and  Bi  required,  there  results,  from  (103), 

i?  (cos  a- cos  ft) 

1  +  COS  0 

Example.— Take  the  example  given  for  the  first  and  second 
cases 
By  (108), 

.       5730x0.43-1432.5       ....   -  ..,.., 

"^«*  =       5730  +  1432.5        =  ^'-^^  =  ^^  ^^    ^^ 

b-a  =  SVU'-  64''  32'  =  17'  12',  equivalent  to  17.2 

stations  on  located  curve  from  A  to  B.  Angle  d  =  180'  —  81°  44' 
=  98*  16',  equivalent  to  24.567  stations  from  B  io  C  on  the 
4'  curve. 

Fourth  Case. — Joining  curve  tangent  externally  to  located  curve, 
toith  center  on  opposite  side  of  cutting  line. 

Let  Oa,  Fig  55,  be  center  of  joining  curve,  i?a  its  radius. 
From  the  figure, 

{R  -f  iJa)  cos  c  =  R  cos  a  +  i?a. 

R  cos  a  4-  /?4  .^^-^ 

>'»  cosc=       ie+?a •    •     •    ^^ 

If  Jf  is  fixed  and  i?a  required,  (105)  yields 

„       /?(cos  <?  —  cos  a)      R(co8  e  —  cos  a)  . .  ^ .. 

Xia  =  i —    =  ; •         .      (lOo) 

1  —  COS  c  versm  c 

Example.— Tnke  same  example  as  in  preceding  cases. 
By  (105),  COS  c  =  0.54403  =  cos  57'  02'. 

Then  «  -  c  =  64'*  32'  -  57*  2'  =  7'  30', 
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calling  for  a  distance  of  7.50  stations  from  ^  to  if  around 
1*  curve.     From  if  to  -ff  on  4°  curve  is  14.258  stations. 

130.  To  Locate  aT 

A  Y  is  made  up  of  a  system  of  tracks  so  arranged  as  to  admit 
of  turning  an  entire  train.  Three  of  the  most  used  arrangements 
are  given  below. 

First  Case. — One  branch  of  Ya  straight  line. 

Tliis  is  only  the  special  case  of  the  last  problem  in  which  the 
cutting  line  becomes  tangent  to  both  curves.    In  Fig,  56,  if  any 
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one  of  the  points  A,  B,  or  G  is  given,  the  others  may  be  located 
by  finding  the  angles  c  and  6.  Draw  OiE  parallel  to  GA  ;  then 
in  triangle  OOiE 

(2?  +  i2i)cosft  =  R-  Bi. 


.  *.  cos  b  = 


R-i-Rx 


(107) 


This  follows  at  once  from  (103)  by  making  angle  a  —  0.  Then 
angle  c  =  180  —  b.  If  AB  were  a  located  curve  and  the  point 
J?  given,  formula  (107)  would  furnish  us  a  value  for  Ru 

Another  solution  is  to  produce  the  tangent  at  B  to  cut  -4Cati^; 
then  AF=  FG  =  BF.  Join  F  with  0  and  0,  ;  it  can  easily  be 
seen  that  angle  OFOi  =  90^,  and,  by  geometry. 


BF=  V^i  X  Rx. 


Therefore  tan  \b  =  -^  =  |/^' .  • 

A  4  1^^  i/^ 

Id  ^*°i^  =  -i7:=V5;'  • 


(108) 
(109) 


(liO) 
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Example.— Let  AB  b6  a  8°  curve,  BCa  6**  curve,  the  point  A 
at  BtatioQ  180. 
T^y  (107), 

cos  h  =  -?n!^'l  7  n^^'l  =  0.33317  =  cos  70*'  32'. 
1910.1  +  955.4 


The  number  of  B  is  180  +  23  511  =  203  +  51.1.     Angle  c  = 
109'  28',  equivalent  to  18.244  stations  on  the  6°  curve. 

Second  Case. — TJie  three  brandies  curved  and  convex  towards 
each  other. 

Given  the  three  radii  and  any 
one  of  the  points  A,  B,  or  (7, 
Fig.  57,  we  have  only  to  find  the 
angles  at  the  center,  then  divide 
these  angles  by  the  degrees  of 
the  respective  curves  to  get  their 
lengths  and  locate  the  three 
bmnches. 

In   the  triangle   0(9, (9a,  letting  ^ai 
OOt  =  I,     0x0,  =  m,     OOi  =  n, 
8  =  J(^  +  w  +  n)  =  i2  +  i?, +i?a, 
we  shall  have,  by  trigonometry, 


Fig.  67. 


cos 


y      m ,  n       f 


(li  +  Bi  -\-  Ru)R^ 
(m  B,)(Ri  +  B,) 


(111) 


Angles  b  and  c  may  be  found  in  like  manner. 

The  angles  may  be  found  otherwise  by  letting  fall  a  perpen- 
dicular from  one  vertex  upon  the  opposite  side,  as  OE  perpen- 
dicular to  (9i  Oa.     Then  from  the  relation 

Oi(9a :  (9i(9  -f  (90a  =  (90,  -  00a :  OiE  -  Oa^ 


determine  O^E  and  OiE;  then  the  right  triangles  O^OE  and 
OiOE  yield  values  of  cosine  a  and  cosine  c,  after  which  b  may 
readily  be  obtained. 

Third  Case. — One  bi'anch  concave  to  the  other  two. 

lu  Fig.  58  the  triangle  OOjOa  may  be  solved  for  the  angles  at 
0,  Oi.  and  Oa ;  for  if  tlie  radii  are  given,  the  sides  OOi  =  B  —  Bi, 
00%  =  i?  —  i?2,  and  OiOi  =  i?,  -f  i?a  are  known  and  the  solution 
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is  the  same  as  for  second  case.  Then  b  is  the  central  angle  for 
curve  AB,  a*  =  180  —  a,  the  central  angle  for  AC,  and  tf  = 
180  —  c,  the  central  angle  for  curve  BC, 


Example.— If  .^  is  at  sta.  820  on  the  1**  curve  AB,  AC  an 
8"  curve,  connect  with  a  6"  curve  CB,    Here  we  have 

0,0  =  5730  -  717  =  5013,    OiO  =  5730  -  »55  =  4775, 

and  0,0i  =  955  -f  717  =  1672. 

Solving  this  triangle,  we  get    c  =  88**  20',   b  -  19*  28',   and 
a  =  72"  12'.      The  number  of  B  is  tlierefore  820  +  19.467  = 

839  +  46.7  ;  the  length  of  CB  is  it|?7  =  15.278  stations,    and 

o 

107  8 
of  ^Ois  -^  =  13.475  stations, 
o 

131.   To    Locate    a    Reversed     Curve   between    Parall«l 
Tamgents 
First  Cask,— Radii  equal. 

(a)  The  equal  radii  R  and  distance  p  between  tangents  known. 
In  Fig.  59  draw  Oi^  parallel  to  A  O  to  meet  OiB  produced. 
From  triangle  OEOu 

2R  —  p       .         p  ,^.^. 

cos  a  =  — 2^  "=  ^  ■"  ^ ^^^^) 

and  OJ7=2i?8ina (118) 


LOCATIOK. 


107 


From  triangle  ABO, 


AB  =  ^^  =  p  coseo  ia  =  i^OW+^,      .    (114) 


Fio.  59, 


(b)  AQ  and  p  known,  i?  required. 


Here  AB  =  4/^(?«  +  p«  =  A;.  Draw  OH  to  the  mid-point  of 
AC,  Triangles  ^OJI  and  ABG  are  similar  and  AH z:z  \h 
Therefore 


whence 


R 

-1. 
P 

B 

k* 

""  4p 

(115) 


Example. — Connect  two  parallel  tracks,  30  ft.  c.  to  c.  by  a  7* 
reversed  curve.    From  Table  I,  B  =  819  feet,  and,  by  (112), 


cos  a  =  1  — 


80 


1638 


=  0.98167  =  cos  10'  59*. 


By  (118),     OE  =  1638  X  .19052  =  312.1  feet. 


By  (114),     AB  =  V(312.1)»  +  (3U)«  =  313.5  feet. 


If  p  =  30,  OE  =  312.1,   or  AB  =  813.5  had  been  given,  we 
should  have  had,  by  (115) 


120 
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Second  Case. — Radii  unequal, 

(a)  Suppose  Ihe  radii  R  =  OA  and  7?-  -  (9,JB(Fig.  59)  to  be 
known  We  must  find  central  angle  a  and  AB  =  k.  Froin  the 
triangle  00,  E, 

R  +  Ri  -P     \  P  .-i«v 

^"^^=    li  +  R.    =^-^TX'    •    •   ^^^^^ 

Tben  AB  will  be  given  by  (114). 

(b)  Suppose  AB  =  k,  p  and  R  known,  to  find  Ri  and  angle  a. 
Triangle  ABG  yields 

sin  ia  =  -|- (117) 

OiLB  is  similar  lo  AOB.    Hence 

LB~  p' 

But  AG  =  2R  sin  ia,  and  LB  =  i(k  -  AC)  =  |Ci.  Inserting 
tbis  value  of  LB  and  solving  for  Ri, 

^'■=f- <»«> 

From  similar  triangles, 

Ri  C, 


R        k-  Gx  '■ 

Inserting  ine  value  of  Gi  =  -~-^  from  (118)  and  solving  for 
Ri ,  we  get 

Example— ^£f  =  300',    p  =  30',    7?  =  819  ft.,  to  find  angle 
a  and  /^j. 

By  (117).         sin  ^o  =  -j:  =  O.IOOOO  =  sin  5°  44'. 

Tbcrcfore  angle  a  =  IT  28  . 

By  (11?\  R,  =  -^^  -  819  =  681  ft.,  an  8°  25' curve. 

GO 
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132.  To  Connect  Two  Parallel  Tracks  by  a  Orossover  com- 
posed of  two  D**  Onrves  with  a  Oiven  Length  of  Tangent 
between  Points  of  Contrary  Flexure. 

In  Fig.  60  let  AFQB  be  the  re- 
quired crossover,  FO  =  l^  EB=p,        [ 

and    OA  =   OB  =  R  known;        H »- -xfj 

angle   a   and   AE  =  x  are   re-  — '^— -''  ^*"*** 

quired. 

Draw   OM  parallel  to  AE  to 
meet  O^B  produced ;    draw  also      „ 
00  parallel    and  equal  to  FO ; 
join   0  nud   0'.    From  triangle 

oac. 


tany=^-^. 


(130) 


Fio.  00. 


21? 


00"  =  — -'  =  2i?sec  y  =  ViR^  +  P.  . 
cosy 


(121) 


Then  in  triangle  OO^M, 

aM       22? - 


cos«  = 


-y-['-^)'>^y- '  <i^) 


00'       2i?  sec 

Now  knowing  y  and  2, 

a-z-y .    (128) 

Next,  X  =  OM-  Oa  sin  2  =  2i? sec  y  sin  z,      .    (124) 

Example.— Given  D  =  7"  30',  p  =  62  ft.,  ^  =  100  ft.,  to  locate 
crossover  when  A  is  at  sta.  86  -f  20. 

By  (120). 
log  tan  y  =  2  -  3.18441  =  8.81559  =  log  tan  3"  44'. 

By  (121). 

log  Oa  -  3.18441  -  9.99908  =  3.18533  =  log  1532.  • 

By  (122). 

log  cos  z  =  8.16643  -  3.18533  =  9.98110  =  log  cos  16*  47'. 

By  (123). 

a  =  16'  47'  -  3'  44'  =  13**  3'. 

By  (124). 

log  X  =  3.18533  +  9.46053  =  2.64586  =  log  442.4. 
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133.  To  Find  the  Radios  of  the  Reversed  Ounre  AFB,  Tig. 

^0'  61,  Oiven  Angles  /  andi',  and 

BC  =  *. 
From  the  figure, 

i?  tan  J/  =  BF, 

i?tanl/'=  CF. 

Adding, 

B{t&n  il  +  tan  i/')  =  BO^k. 
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Whence 


J?  = 


(125) 


tan  J/ -flan  i/' 

Example.— Given  /  =  10",  /'=  20%  BC  =  700  feet,  to  find  R. 

700 
»y  <*2»>'     ^  =  0.0OT49  +  0.17688  =  ^  ''•  "^  ^°  »*'  '=""•'• 

134.  To  Locate  a  Reversed  Curve  between  Fixed  Points. 
In  Fig.  62  let  AB  =  k,  and  angles  1  and  /'  be  known.      We 


Fio.  62. 

have  to  find  E  and  the  angles  a  and  b. 

Draw  O'O  parallel  to,  and  00  and  C/F  perpendicular  to,  AB, 
Angle  AOO  =  I  and  BOF  =  /'.  Then  OE  =  R  cos  1  and  Ojr 
=  B  cos  /'.     Hence 

OQ  =  i?(C08  /  -f  COS  /'). 

In  triangle  000,  00'  =  21?.    Therefore 

i?(C08  1  T  COS  1')        cos  /  -h  COS  /' 


COS  a;  = 


2R  2 

mi  expression  from  which  H  has  disappeared. 


,      .    (196) 
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We  now  have  a  =  /  -[-  «    and    6  =  /'  +  «, 

To  find  i?  we  have  AE  +  EF  +  FB  =  k, 
or  /?  siu  /  +  2/?  sin  a;  +  J?  sin  /'  =  k. 


Whence 


i?=-r 


k 


•..    .    .    (127) 


sin  1  +  sin  7'  -f  2  sin  x 

Another  expression  for  R  can  be  found  by  drawing  -4i\r and  BL 
perpendicular  to   00\  and  BN  parallel  thereto.    Then,   since 

:^BAN^x, 

R  s\n  a -\-  R  s\u  h  •=  k  cos  x, 

'"^'' (128) 


i?  = 


sin  a  -j-  sin  5 
Example. — Take  the  example  of  the  last  problem, 

A;  =  700,    /=  10%    /'  =  20% 
By  (126). 

cos  X  =  i(0. 98481  +  0.93969)  =  0.96225  =  cos  15'  48'. 

We  now  have        a  =  25°  48'    and    b  =  35'  48'. 

700  X  0.96225 


By  (128),     /?  = 


=  660.2  ft.,  an  8**  41'  curve. 


0.43523  +  0.58496 

136.  To  Connect  Two  Divergent  Tangents  by  a  Reversed 
Ourve. 

First  Case. — Advancing  towards  the  P.L 

Given  the  radii  R  and  Ri ,  the  angle  /  and  ^  (7  =  A;,  to  find  the 
Angles  a  and  b  (Fig.  63). 


A-, 


/ 
k 


Fio.  68. 

Draw  00  parallel  to  the  tangent  BC  to  meet  OiB  produced. 
Then  EF  -  BQ  -  AF-  AE. 

Therefore  BO  =  Rcoal  --  k  sin  /. 
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From  triangle  OOiO, 

.       Bt+BO      lii +R  cos  I-  k  sin  / 

''''=^'B+iir'= B+B. 


.    (129) 


Then  a  =  JfOiJT  =  J  -  /,  O.Jf  being  parallel  to  OA, 

Second  Case. — Beceding  from  the  P.l. 

In  Fig.  63  we  have  BC  =  ki  ,  angle  /,  B,  and  J?i  given,  to  find 
angles  a  and  b. 

Produce  OA  to  meet  OiL  drawn  parallel  to  GA.  AL  equals 
Ojlf  =  0,27  cos/. 

OiH  =  Bi  ^'irB=  Bi  -  ki  tan  I. 

,\   AL  =  OiJf  =  {Bi  —  All  tan  /)  cos  /. 
Hence 

OL  =  B  +  (Bi  -  ki  tan  7)  cos  /  =  2?  +  iti  cos  /  -  *i  sin  /. 

From  triangle  00 iL, 

OL  B-i-  Bx  cos  I-  k,  sin  I 


cos  a  = 


Evidently, 


00,  "  ii  4-  /;, 

6  =  a  +  i. 


•    • 


(180) 


136.  To  Change  the  P. B.C.  so  that  Second  Branch  o 
Curve  shall  End  in  a  Tangent  Parallel  to  Terminal  Tangen 
and  Distant  p  therefrom. 

In  Fig.  64  let  MAB  be  the  located  curve,  EN  =  p.    We  mm 


•«>!-- 


determine  the  angle  COA,  after  which  the  desired  curve  A 
may  be  located. 
Draw   HOi'  and  XO,  parallel  to  ^i?'and  NO. 

HL=0,K  =  p. 

>  ■ 


LOCATION^. 

Fiom  triangles  OOi'JTand  OOxL, 

{R  +  Rx)  cos  6  =  (i?  +  Rx)  cos  a  -  p. 
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.*.  cos  h  =  cos  a  — 


R-\-Rx 


(181) 


Angle  AOO  =  b  —  a. 


137.  To  Find  the  Radius  of  a  Curved  Track. 

Measure   any  chord   AB  =  21,  and  mid-ordinate  ^i?  =  M, 


Fig.  65. 
Then  in  the  right  tiiangle  OAE  (Fig.  65), 

JK»-  (i?  -  J/)«  =  i». 


.  R  = 


2M 


(189) 


Note. — ^The  treatment  of  the  problems  of  Sections  129,  130, 
131,  132,  and  136  is  based  on  the  assumption  that  both  switch- 
rails  and  frogs  are  curved.  The  results  are  usually  close  enough 
if  shortened  leads  are  used,  as  will  be  mentioned  later.  The 
effect  of  straight  switch-rails  and  frogs  will  be  discussed  later  on. 
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Article  11. — Theory  op  the  Tranbition-curve. 

138.  Elevation  of  Outer  Rail  on  Curves. — To  counteract  the 
effect  of  centrifugal  force  on  curves  the  outer  rail  must  be 
elevated  abovie  the  inner  one.  It  is  shown  in  mechanics  that  the 
centrifugal  force  is 


F  = 


3JJ.16i?' 


where  W  is  the  weight,  v  the  velocity  in  feet  per  second,  32  10 
on  averagervalue  of  the  acceleration  of  gravity  in  feet  per  second 
per  second,  and  li  the  radius  in  feet. 

In  Fig.  66  let  the  vertical  HL  represent  W,  the  horizontal  KB 
the  centrifugal  force,  A.B  the  plane  of  the  rails,   and  CB  =  a 

the    superelevation    of    outer     rail. 

From  similar  triangles, 

Equate  this  value  of  F  to  that  given 
above  and  solve  for  «,  giving 

^^"*         .    (188) 


-4^9-ft7- 
Fio.  66. 


e  = 


32.162?' 


The  gauge  AB  should  be  greater  on  curves  than  on  tangents 
to  allow  for  flange  clearance  and  the  effect  of  a  rigid  wheel-base. 
AG  =  4.9  feet  is  about  the  right  value  for  the  horizontal  distance 
between  centers  of  rail -heads  for  standard  gauge.  In  formula 
(133)  tJ  is  in  feet  per  second,  but  the  train  velocity  is  usually  given 
in  miles  per  hour.    Let  V  =  velocity  in  miles  per  hour,  then  the 
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22 
velocity  in  feet  per  second  will  be  tj  =  —  F,    Inserting  these 

values  in  (133)  gives 

4.9  X  484 F«        F«  ,  ,,^., 

'  =  82.16  X225i2=37^'^'^'^y-      "     '     '  '  ^^^^ 

This  elevation  will  be  required  from  the  P.O.  to  the  P.T.,  but 
obviously  it  cannot  be  introduced  suddenly,  so  that  for  easy 
riding  the  rate  of  increase  of  e  should  be  uniform.  From  (134)  it 
is  seen  that  e  varies  inversely  with  i?,  which  requires  that  when 
«  =  0,  li  =  infinity.  Hence  i?  must  decrease  from  infinity  to 
the  radius  of  the  circular  curve,  while  e  increases  from  0  to  its 
maximum  value. 


139.  The  True  Transition-curve  should  satisfy  formula  (134), 
but  so  fur  no  such  curve  has  been  found  that  will  at  the  same 
time  admit  of  the  same  ease  of  location  as  the  simple  circular 
curve.  According  to  Raukine  the  first  use  of  any  other  than 
the  circular  curve  was  made  by  Gravatt  about  1828  or  1829, 
the  curve  employed  being  the  curve  of  sines.  Another  method 
described  by  Hankiue  is  attributed  to  William  Froude  about 
1843 ;  this  curve  was  worked  up  in  the  Engineering  News  by 
A.  M.  Wellington  in  1890.  Other  approximations  are  the  Rail- 
road Spiral,  developed  by  W.  H.  Seailes  in  1882,  and  the  cubic 
parabola,  described  by  C.  D.  Jameson  and  E.  W.  Crellin  in  the 
Railroad  and  Engineering  Journal,  1889. 

Ill  1880  Elliot  Holbrook  described  in  the  Railroad  Gazette  the 
true  transition -curve  applicable  to  small  angles  and  short  lengths 
of  the  curve.  In  1893  C.  L.  Crandall  published  formulae  and 
tables  applicable  to  large  central  angles  for  both  the  offset  and 
deflection  methods. 

140.  The  Notation  here  employed  will  be  explained  with 
reference  to  Fig.  67.  The  curve  CBB'C  is  the  circular  curve 
offset  at  (7 and  C  from  the  tangents  by  the  amounts  CJ7and  C'W, 
AQB  and  EG' A'  are  the  transit ion-curves.  A  is  theP.T.C, 
of  point  of  transition-curve,  G  the  P.O.,  B  the  P.G.i,  5' the 
P.TG.u  0'  the  P.T.,  and  A!  the  P.T.^.  The  co-ordinates  of  G 
are  AH-  t!,  HG  =  y' ,  of  G,  of  and  EG  =  F\  of  B,  AM  =  Xx 
and  JMB  =  y\.  The  length  of  curve  from  P.  T,  G.  to  any  point  P 
(8  I,  and  the  whole  lengtU  from  P.T.G,  to  P.  G.i  is  ^i. 
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141.  Equation    of    Transition- curve. — Since    the    rate    of 
change  of  e  must  be  uniform,  (134)  may  be  written 


7* 


(135) 


Fio.  67. 

in  which  k  is  the  rate  of  rise  of  outer  rail  along  curve,  and  p  the 
varying  radius  of  curvature.  From  the  calculus  pd<p  =  dl, 
whence 


'^""  d(p' 


(186) 


Insert  this  in  (135)  and  solve  for  d(p, 

d<f>  =  y^ldl  =  2mldL (187) 

2m  is  dependent  upon  V  and  k,  and  is  constant  for  any  one 
curve. 
Integrating  (137), 

0  =  ml\ (188) 

the  constant  of  integration  being  zero,  for  I  is  zero  when  <p  is 
zero. 
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From  the  elementary  triungle  drawn  at  the  point  P  of  transit 
tion-curve,  Fig.  67,  dl  being  tangent, 

dl  =  ^^"^  ^• 
Expanding  sin  <p  by  trigonometry, 

Inwhich3!=:3x2x  1.  5!  =  5  x4x  3  X  2x  1,  etc. 
Substituting  for  <p  its  value  from  (138), 

dy  =  dl\ml^  -_  +  __«  ^^  +  ..  .J. 
integrating, 

tot  m2*  s  0,  where  0  is  in  circular  measure.    To  obtain  <p  in 
degrees,  0  =.  ^'^^j^  =  ^.    Inserting  this  in  (139), 

^^l{    0^    _      <?>"'      .  __^!! ^!1_4.       ^ 

^        \171.89      79  X  ti/  '^  8151  X  10®       153245 X  10*»  "^  *  *  7' 

or  y-lC, (140) 

in  which  C  may  be  found  from  f  abie  XIV  with  0°  as  argument. 
Interpolation  must  be  resorted  to  for  values  of  <p  not  given  in  the 
table,  or  y  computed  by  the  formula. 
From  the  elementary  triangle  at  P,  Fig.  67 

dx  ^ 

-^  =  cos  0. 

Expanding  by  trigonometry. 


X 
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Substituting  ml^  for  0  and  integrating, 

_    f       mH*      mH^      mH'*  .         \ 

"  V"  "l^       216"  ""  9360  "^  •  •  •  j*     •    •    •     '    ^^^^' 

Replacing  mPhy  <t>  reduced  to  degrees, 

^-/i         <^°'    ,        ^°' 0°'  ,         '^ 

Y       32828  "^  2328  X  10»      33114  X  10"  "^  '  '  7 

or  X  — I  —  IE.    ..,..,     ,     (142) 

i^  varies  with  0**,  and  may  be  taken  from  Table  XIV  with  0° 
as  argument.. 

142.  The  Transition-curve  Angle  /i  is  the  value  0  assumes 
at  the  P.a,-    From  (138), 

Ix  =  mlx^ (143) 

From  (137)  and  (136), 

dl^_  J 

d(p~2ml  ~  ^' 

At  the  P.  (7.1  p  =  1?  and  may  be  taken  equal  to  ~j^,  so  that 

^     ~  p  -  ??^ 
2wri  ■  J9'  • 

whence 

*^  ~  2/,i?~  11460^1 (^^^ 


This  value  of  m  in  (143)  gives 

25^11460 


-^»  -  Q»  -  iTiAn C^^^ 


Reducing  this  to  circular  measure  by  writing  /i=/,*t^j:=.    * 


180~67.80 
gives 

^'°  =  28«4  =  ?0Ci C^) 

143.  The  Oodrdinatei  of  any  poipt  on  the  curve  are  given  by 
(140)  and  (142).     The  length  of  the  transiiiop-curve  bein^iL  kunwu 
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or  assumed,  pi  and  Xi  (the  co5rdinates  of  the  P.(7.i)  may  be 
found  from  these  equations  by  the  help  of  Table  XIV;  the 
coordinates  of  the  R  C.  (see  Fig.  67)  will  be 

F=yt  -  R(l-.  cos  /,)  =  yi  —  R  vers  /i ,  .     .     (147) 
«'  =  «,-  i?  sin  /i (148) 

144.  Deflection-angles.— With  the  transit  at  the  RT.C.  (o] 
P.T.i  in  backiug  up)  the   tangent  of  defleclion  angles  may  hi 

found  from  the  relation  tan  (5  =  ?.     Dividing  (139)  by  (141), 

tan  5  =  ^ -f  .009523w»^«  +  .000167m»r»  + (149) 

o 

From  trigonometry  the  expansion  of  the  angle  in  terms  of  its 
tangent  is 

8  =  tan  5  —  i  tan''  (5  +  J  tan*  S  —  etc.      .    •    .  (a) 
In  (149)  write  ml*  =  (p  and  substitute  in  (a) : 

5  =  -f  -  .00282303  -  .0000680* (150) 

o 

From  (188)  and  (143), 

in  which  --  =  n.    From  (6),  0  =  /in'^  and  this  in  (150)  gives 

5  =  4'w«  -  .002823/|3/i«  -  .  000068/,  *n»«.  .    .    .    (c) 
o 

Both  (5  and  /,  are  in  circular  measure  ;  to  reduce  to  degrees' 

IT 

multiply  by  7^7:.  This  gives,  neglecting  terms  involving  higher 
powera  ot  /i  than  the  third, 

5°  =  :^»«- .00000086 /i»n».     .    .    c    .     .    (151) 
o 

The  second  term  is  quite  small,  and  in  most  cases  may  be  en« 
tirely  neglected  in  practice. 
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With  the  instrument  at  any  intermediate  point  7!'y"  the  deflec- 
tion-angle for  any  point  a^,  measured  from  initial  tangent,  will  be 

tan  d  =  ^-P-^,  =  \{ral\  -f  ml"^  +  mil")  ^-^^{raH^  +  mH"^) 
+  ^{mHH"  +  mHV'^)+  ^hi'^HH"^  +  mm"*^m^n"^)-\- . . . ,  (152) 

in  which  powers  of  ml?  higher  than  the  third  have  been  neglected. 
Substitute  the  value  of  tan  8  from  (152)  in  (a),  write  ml^  =  0  = 
7,7i',  ml"*  =  (p'*  =  /in"*,  by  (6),  and  reduce  circular  measure  to 
degrees,  giving 

5^  =  -i-(n»  +  n"*  +  nn")  -  a  small  correction.        (153) 

For  instrument  at  P.  T.  C, ,  ih"  =  0  ;  then  (153)  yields 

/** 
(^0*)  =  "S"^'  —  correction, 

o')  =  ^\-5« (154) 

(154)  is  the  same  as  (151),  as  it  should  be. 
For   the   transit   at    the    quarter-point    of   transition-curye 

n"  =  Y  =  ^  -\'*  tlien (153) yields 

»i        *i         4 

(*i')  =  y(n*  +  A  +  i^)  -  correction. 


or 


or 


(V)  =  4^^i  -  ^i (W) 


For  transit  at  mid-point  of  transition-curve  n"  =  \,  and,  from 
(153). 

(^^•)  s  -^(n*  +  i  +  Jn)  -  correction, 
or 

(#|-)  =  ^\-Bj aoQ 
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For  transit  at  three-quarter  point  n"  ss  f  and 

oorreclloii. 


(V)  =  ^V  +  A  +  }») 


or 


For  transit  at  P.C.i  n"  as  1  and 


(187) 


(5/)  =  -4(w'  +  1  +  «)  —  correctioDt 


or 


// 


.•)  =  ^^.-a. 


(158) 


With  the  tmnsit  at  the  P,T.G.i  it  will  frequently  be  most  con* 
venient  to  measure  the  deflections  from  the  tangent  to  the  circular 
curve  at  that  point.  Sometimes  this  will  also  be  the  case  for  the 
transit  at  the  P.d. 

By  reference  to  Fig.  68  it  will  be  seen  that  for  the  transit  at  B 

c 


the  deflection  from  the  tangent  to  the  circular  curve  at  the  P.d, 
which  locates  a  point  on  the  transition  curve  (as  .6  in  the  figure), 
is  given  by  the  equation  (5c°)=Ii—  (5i°),  or 

(5c°)  =  /i *» -  (^°n2  +  ^^^n-B,^  =  ^-^(2  -  n^  -  n)  +  B,, 

or,  if  Table  XV  is  to  be  used, 


(5c°)  =  Y'^c  +  Bi, 


(159) 
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Table  XV  gives  the  values  of  A  and  B  for  the  five  positions  of 
instrument  for  which  equations  (154)  to  (159),  inclusive,  were  de. 

duced.    The  value  of  A  must  be  multiplied  by  -^ ,  but  B  is  taken 

o 

direct  from  the  table  in  thousandths  of  a  degree.  , 

If  deflection-angles  are  wanted  for  other  positions  of  the  instru- 
ment, or  for  other  points  on  the  curve,  they  may  be  computed 
from  equation  (153). 

146.  Tables. — Three  tables  are  given  for  use  with  transition- 
curves. 

Table  XIV  was  computed  for  use  with  formulas  (140)  and  (142) 
in  determining  G  and  E ;  (p  being  assumed  and  0  and  E  com- 
puted. 

Table  XV  gives  A  and  B  for  computing  the  deflection-angles 
by  (154),  (155),  (156),  (157),  (158),  and  (159)  for  20  equidistant 
stations  on  the  transition-curve.  For  points  not  given  in  the 
table  A  and  B  must  be  interpolated.  Linear  interpolation  will 
suffice  in  most  cases,  though  when  /i*"  is  quite  large  second  differ- 
ences may  be  preferable  for  A,  B  is  given  in  the  table  in  thou- 
sandths of  a  degree. 

Table  XVI  was  calculated  by  assuming  Ix  in  lengths  varying 
by  increments  of  20  feet,  then  computing  /i**  by  (146),  yx  by  (139), 
Xx  by  (141),  F  by  (147).  and  x'  by  (148).  y,  and  Xx  will  also  be 
given  more  directly  by  (140)  and  (142)  with  ihe  aid  of  Table  XIV. 

The  excess  in  length  of  transition -curve,  measured  from  P,T,G. 

to  the  point  on  offset  at  P,G,,  over  ir'  is  tabulated  d^  6\  V  is 

found  by  trial  such  that  when  inserted  in  (141)  or  (142)  the  same 

▼alue  of  aj'  will  be  obtained  as  in  (148).    This  may  be  done  by  as- 

'    '  Ix 

Buming  V  a  little  less  than  - ,  then  computing  x'.    More  than  two 

trials  will  rarely  be  needed  to  find  a  sufficiently  close  value  of  l'\ 
then  e-V  -t!.  y'  is  found  by  (139)  after  finding  l\  or  0' 
may  be  found  from  (5)  of  144,  and  used  in  (140)  in  connection 
Willi  Table  XIV.  U  -  V  is  the  length  from  Q  (Fig.  67)  to  the 
P. (7.1*,  the  difference  in  length  between  this  and  the  length  of 
circular  curve  from  P.  (7.  to  P.  C.i  is  tabulated  as  ef ;  that  is,  tf'  =r 
{Jix  —  I*)  —  arc.    Then  e-\-e'  =  li  —  (x*  -f  circular  arc). 

For  values  of  Ix  intermediate  between  those  given  in  the  table 
linear  interpolation  will  suffice,  though  ^second  differences  may 
be  used  for  Fand  yi  if  preferred. 
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146.  To  Unite  the  Two  Branches  of  a  Compound  Curve  by 
H  Transition-curve. 

The  same  objections  hold  to  compound  curves  as  to  simple 
curves  uniting  with  a  tangent;  i.e.,  where  there  is  a  sudden 
change  of  curvature  there  should  be  a  sudden  change  of  super- 
elevation of  outer  rail,  which  of  course  is  not  allowable.  Instead 
of  compounding  the  curves,  we  may  offset  them  at  the  P.  (7.  C7. 
and  unite  them  by  means  of  a  portion  of  a  transition-curve  tangent 
to  each  of  the  simple  curves. 

In  Fig.  69  AB  and  CELM&re  the  simple  curves  that  are  to  be 
united  by  the  transition-curve  ANE,   Extend  the  transition-curve 


to  G,  where  its  radius  of  curvature  becomes  infinite,  and  let  OA 
be  its  tangent.  Call  the  length  of  transition-curve  from  O  io  A 
li ,  from  O  to  E  ht  and  from  E  io  A  h.  E  and  A  are  points 
of  tan  gen  cy  of  simple  and  transition  curves.  Then  ^,  =  Z,  —  1$, 
The  coordinates  \)f  A  arc  Q8=Xi,  8A  =y,  ;  and  of  V {WV 
perpendicular  to  QS),  OW=Xx\  WV  =  Fu  of  E,  OP=Xn, 
EP  =  yt\  oi  L  {LH  perpendicular  to  08),  QH  =  a?,',  EL  =  Ft. 
Let  BC  =  Fa. 

The  radius  of  curvature  of  transition-curve  is  inversely  pro« 
portioual  to  its  length  from  G ;  hence  the  curvature  is  propor- 
tional to  the  length  of  curve;  therefore  It :  li  =  D» :  D^ ,  whence 


lt  =  h 


Dt 


(160) 
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Then        /,  =    ^,  -  ^  =  ^,(  1  -  -^\  =  It     j^^     .  .    .     (161) 


By  (188)  or  (143), 


EquatiDg  the  value  of  I3  from  this  equation  to  that  resulting 
from  (146)  gives 

'-'■i^)'-'^ ('»> 

WV  ==  Fi  and  ffL  ~  Fz  may  be  taken  from  Table  XVI  with 
li  and  ^8  as  arguments.    Then  0,  TF  =  Ri  -f  Fi    0%H  -Rt-\-F% 
Draw  OiT  parallel  to  Q8,  then  0,r  =  WH\  hence 

O.T=(B,  +  Ft)  «  (&  +^iX 
and  OiT ««/-«,'. 

Therefore 

^°^  =  (/^,+W)-(/g.+yo'  •  •  •  *'^^^ 

OiOt  =  (a;/  -  a?,')  cosec  a  =  V  OTS^  +  SW*.      .    {164i 
Then  (75  =  CO,  -  50„ 

or  -Fa  =  i?.  -  (A  +  0.0,X (166) 

The  lengths  of  AB  and  C2^  are 

AB=^^^^^m,     ../.,..    (166) 


CJ^=  ?^^-gp^lOO (167) 

The  excess  of  transition- curve  length  over  AB  +  Ci^is 

e,:=l,-(lL^  +  ±^yW.     .    .    .    (168) 
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If  AB  and  CE  are  quite  sharp,  we  must  take  account  of  the 
arc  excess,  so  that  we  have  then 


<j,  =  i.  -  U^'^'/'  +  ^^^)  100  -f  arc  excess  1. 


(168') 


The  arc  excess  may  be  taken  from  the  second  column  of 
Table  IV,  which  gives  the  arc  length  for  one  station;  this  multi- 
plied by  the  number  of  stations  gives  the  curve  length,  which 
may  replace  the  values  within  the  brackets  in  (168'). 

147.  Length  of  Transition-curve  to  be  Taken. — In  practice 

the  rate   of  change  of  superelevation  of  outer  rail  ordinarily 

varies  from  about  1^1200  to  1-^340.     Call  this  rate  A;;   then 

Ml  must  equal  the  superelevation   of    outer   rail    for  circular 

curve.    This  superelevation  will  depend  both  upon  the  degree 

of  curve  and  upon  the  velocity  and  is  generally  fixed  to  suit  the 

fastest  moving  passenger  trains,  though  in    order   that   it  be 

not  excessive  for  slow  moving  freight  trains,  its  limit  in  practice 

is  about  8  inches.    Where  the  superelevation  of  outer  rail  is 

less  than  2  inches,  transition-curves  need  not  be  employed. 

By  (136) 

, ,      72      722) 

from  which 


li  = 


3R    17190' 


(169) 


17190fc 

The  following  table  gives  values  of  h  in  feet  per  degree  of 
curve  for  a  few  values  of  V  and  k. 

TABLE  OF  VALUES  OF  h   FOR  VARIOUS  VALUES  OF  V   AND  k. 


k 

Velocities  in  Miles  per  Hour. 

30 

35 

40 

45 

50 

55 

60 

65 

70 

1^1200 
l-h900 
1  ^600 
1^340 

63 
47 
32 
18 

86 
64 
43 
24.5 

112 
84 
56 
32 

142 
106 

71 

40.5 

175 

131 

87 

50 

212 
158 
106 
60.5 

252 

188 

126 

72 

296 
221 
147 
84.5 

343 

257 

171 

98 

The  following  quotation  is  taken  from  the  Manual  of  the 
American  Railway  Engineering  Association,  edition  of  1911, 
page  94. 
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"Easement  curves  should  be  used  on  all  curves  requiring 
an  elevation  of  2  inches  or  more  for  th3  highest  permissible 
speed. 

"The  choice  of  easement  curves  should  be  governed  by  the 
ultimate  possibilities  as  to  speed,  with  consideration  as  to 
probable  revision  of  the  worst  features  of  alignment,  rather 
than  by  existing  schedule  speed. 

"On  curves  of  6  degrees  and  over,  which  are  limiting  curves 
as  to  speed,  easement  curves  not  less  than  "240  feet  long  should 
be  used. 

"On  curves  of  less  than  6  degrees  which  are  limiting  curves 
as  to  speed,  easement  curves  should  be  used  whose  length  in  feet 
is  not  less  than  5 J  times  the  speed  in  miles  per  hour  calculated 
for  an  elevation  of  8  inches. 

"On  curves  which  are  not  limiting  curves  as  to  speed,  ease- 
ment curves  should  be  used  whose  length  in  feet,  when  the 
rail  is  elevated  for  the  ultimate  speed,  will  be  not  less  than 
30  times  the  elevation  in  inches  nor  less  than  two-thirds  the 
ultimate  speed  in  miles  per  hour  times  the  elevation  in  inches. 

"Longer  easement  curves  than  the  minimiun  lengths  rec- 
ommended may  be  used  to  advantage  and  often  with  increased 
convenience  in  their  application,  but  any  considerable  increase 
in  length  is  wholly  unnecessary  and  should  never  be  made 
without  careful  consideration  as  to  the  effect  on  cost.  For 
minor  curves,  an  increase  in  length  of  about  50%  over  the 
minimum  is  recommended  when  such' increase  will  not  seriously 
affect  the  cost,  nor  adversely  affect  the  degree  of  curve.  The 
minimum  length  recommended  should  be  used  in  all  cases  where 
greater  length  would  adversely  affect  the  degree  of  curve. 

"Easement  curves  should  be  used  between  curves  of  dif- 
ferent degree  in  the  same  way  that  they  are  used  between 
curves  and  tangents. 

:_  "The  curve  elevation  should  be  run  out  in  the  same  distance 
as  the  length  of  easement  curve,  with  no  elevation  on  tangent 
and  full  elevation  on  the  circular  curve." 

The  following  table  shows  values  of  h  which  agree  with 
the  minimum  values  found  by  above  rules  for  various  speeds, 
to  the  nearest  20-ft.  interval,  for  which  values  the  necessary 
quantities  may  be  taken  directly  from  Table  XVI.  The  max- 
imum permissible  superelevation  of  outer  rail  is  limited  to 
about  8  inches.    For  3°  curves  and  over,  the  last  value  of 
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It  given  in  the  table  corresponds  to  this  superelevation.  For 
higher  speeds  than  those  for  which  the  last  value  of  the  length 
of  transition  curve  is  given,  where  such  higher  speeds  are  per- 
missible, the  minimum  length  of  k  should  be  increased  from 
10  to  50%. 

TABLE  OF  MINIMUM  VALUES  OF  h,  IN  FEET,  FOR  VARIOUS 
VALUES  OF  V,  IN  MILES  PER  HOUR.  AND  CURVES  VARYING 
PROM   1    TO   15   DEGREES.  j 


Degree 
of  Cir- 

Velocities i 

n  Miles 

(  per  Hour. 

cular 

Curve. 

30 

35 

40 

45 

50 

55 

60 

65 

70 

1 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

80 

100 

120 

160 

2 

•  •  •  « 

80 

80 

120 

160 

200 

320 

320 

3 

60 

80 

100 

120 

160 

220 

280 

340 

4 

-80 

100 

120 

160 

220 

300 

5 

loo 

120 

160 

200 

260 

6 

100 

140 

180 

240 

7 

120 

160 

220 

280 

8 

140 

200 

260 

»  9 

160 

220 

280 

10 

180 

240 

11 

200 

240 

12 

220 

13 

240 

14 

240 

15 

240 

Sometimes  the  tangent  between  the  P.T.  of  one  circular 
curve  and  the  P,C:  of  the  next  is  so  short  that  even  the  mini- 
mum length  of  transition  curve  given  above  can  not  be  obtained, 
in  which  case  shorter  transition  curves  must  be  put  in,  for 
even  a  short  transition-curve  is  better  than  none.  The  en- 
gineer should,  however,  endeavor  to  leave  ample  room  for 
transition-curves  and  also,  wherever  possible,  additional  inter- 
vening tangent. 

Example. — Required  the  minimum  length  of  transition- 
ciUT'e  to  be  used  when  the  train  velocity  is  45  miles  per  hour 
and  the  degree  of  circular  curve  5. 

By  the  first  of  the  two  foregoing  tables  the  length  of  transition- 
curve  would  be  40.5X5=202.5  feet,  and  by  the  second  200 
feet,  which  is  the  value  to  be  used  unless  there  is  plenty  of 
room  for  a  longer  transition-curve,  which  at  the  sam«  time  will 
not  increase  the  cost  unduly.  In  such  event  use  260  or  even 
300  feet. 
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When  only  a  short  tangent  intervenes  between  two  curves 
shorter  transition-curves  must  be  taken,  requiring  larger  values 
of  A*,  so  that  overlapping  may  be  prevented. 

For  illustration  suppose  a  5**  curve  to  be  eased  off  with  a  tran- 
sition-curve, the  highest  train-speed  being  45  miles  per  hour  and 

^  =  -HKh'    By  t^e  table  the  value  of  h  will  be  71  X  5  =  355  feet, 

so  that  we  should  probably  take  a  360-ft.  transition-curve,  re- 
quiring an  offset  of  4.7  feet  by  Table  XVI. 

Article  12— Field-work. 

A      Field  Formulas. 

148.  For  the  cases  most  frequently  presenting  themselves  in 
practice  the  foregoing  formulas  may  be  simplified  so  as  to  admit 
of  the  rapid  location  of  points  on  the  transition -curve  with  all  the 
accurticy  needed  on  location,  though  it  is  best  to  use  the  exact 
formulas  and  tables  in  setting  track-centers  on  the  finished  road- 
bed. When  the  transition-curve  angle  is  quite  large  it  will  be 
better  to  use  the  accurate  methods  on  location  also,  but  for  the 
more  common  cases  the  following  formulas  will  answer. 

149.  Simplified  Formulas.— In  (139)  and  (140)  neglect,  as 
small,  all  the  terms  following  the  first,  giving 

y  =  ^' =  1^  =  .OO5818i0* (170) 

In  (141)  and  (142)  retain  only  the  first  two  terms 

in  which  the  last  term  fs  small  for  shoit  transition-cui*ves  and 
may  often  be  neglected,  x  being  taken  equal  to  I, 
The  values  of  m  and  /i  remain  as  before  : 

^'"=^-4=l^- <^*^> 


1 
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In  (147)  expand  cos  /i,  giving 

F=^yi-R{iIi^-^Ii'+jij,Ii^-  .  .  .) 

Substitute  R=^,  by  (145),  and  retain  only  first  two  terms: 

F-yi--^. 

But  yi=3yi,  by  (170),  since  4>—Ii  and  y^yi  when  l—lu 

.'.  F=yi-iyi  =  iyi (172) 

At  the  P.Ci  y=yu  l=li  and  <t>=Ii,  which  value  substitute 

in  (170)  and  then  write  ^=^  by  (146),  F=^yi  by  (172) 
and  there  results 

F=j(o.005818iix|^=0.0000072725ii2DV  .     (172) 

or,  nearly  enough,  in  many  cases, 

F=0.0000073/i2D° (172)'i 

By  solving  (172i)  for  k  in  terms  of  F  and  D°,  we  get 

IT 

t =371^^  (nearly  enough).     .    .    .     (172)2 
Expand  sin  7i  in  (148),  and  write  R=^i 

But  Xi=li—hlJi\  by  (171); 

.-.  x' = t  -  ^IJi^ +M/i*  -  i^i  =  i^i  (nearly) .     .     (173) 

By  (170), 

y' --\m{\liy^\mXW  =  \yi  =  hF.    .    .    .    (174) 

In  (154),  (155),  (156),  (157),  (158),  and  (159)  neglect  the 
correction;  then 

W)^^-A^=^-n\ (175) 

(fij°)=^Ax=^(2-n2-n).    .    .    .    (176) 
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(V)  =  ^^i,       ......     (177) 

(V)  =  ^\ (ITO) 

(V)=^^i.      ......     (179) 


(V)  =  :^^o.      .    .    .    c    .    .    (180) 

150.  Offsets. — Formula  (170)  shows  that  offsets  from  transition- 
curve  to  tangent  vary  as  the  cube  of  the  distance  from  the  P.  T,C,, 
and  it  can  be  shown  that  offsets  from  the  circular  curve  to  trail* 
sition-curve  follow  the  same  law,  reckoning  from  the  P.C.i. 

Formula  (36)  may  be  written 

2=f{l^D). (a) 

in  which  D  is  the  degree  of  curve  if  offset  is  from  tangent,  and  the 
difference  of  degrees  if  offset  is  between  two  curves  having  a  com- 
mon point  of  tangency,  I  being  reckoned  from  the  tangent-point. 
From  (136)  and  (137), 

dcp''  ^  "  2ml' 
and  the  degree  of  transition-curve  at  any  point  is 

2)^  =  "il^  =  11460w;  :^d.    .    .    .    .    (181) 

P 

Formula  (181)  shows  that  the  degree  of  curvature  of  transition'- 
curve  at  any  point  is  a  function  of  its  length.  If  the  D  in  (a)  ia 
the  difference  between  degrees  of  circular  and  transition  curves,  it 
will  equal  Di  —  Dt »  which  is  also  a  function  of  the  length;  so 
in  (a)  write  D  =f(l)p  giving 

2=r{P) (188) 

which  shows  that  the  offset  between  circular  and  transition  curves 
varies  as  the  cube  of  the  distance  from  P,G.x.  The  offset  at  the 
P.  C.  is  known,  being  half  of  F,  and  may  therefore  be  found  for 
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other  points  ;  thus  midway  between  P.C,  and  P.Ci  it  will  be  one 
eighth  of  its  value  at  P.O.,  or  ^^F 

161.  Compound  Curves. — By  trial  it  has  been  found  that  €% 
—see  formwlas  (168)  and  (168')— equals  e-\-  e^  from  Table  XVI 
when  the  table  is  entered  with  D  =  Di  —  Dt  and  l^  as  arguments, 
up  to  about  Dill  =  8000,  which  covers  all  cases  in  ordinary  rail- 
road practice ;  so  we  write 

«,  =e  +  «' (183) 

The  distance  AB  on  sharper  curve  is  found  by  trial  to  equal 
^1  up  to  about  Dill  =  4000,  which  answers  for  the  ordinary  cases 
arising  in  practice.  When  DJi  is  greater  than  this  AB  (of  Fig. 
69)  must  be  found  from  (166). 

The  point  iV  can  be  taken  midway  between  G  and  B,  for  the 
radios  of  transition-curve  decreases  uniformly  from  i?«  to  ^i  and 
may  ^e  here  taken  as  their  mean  ;  hence  the  offset  BN=  NC  — 
\Fi.  Other  offsets  may  be  found  from  the  relation  given  by  (182). 
Thus  the  offset  midway  between  A  and  B  will  be 


2  \\,hj        16 
Other  offsets  may  be  obtained  if  desired. 


B.  Setting  Out  Transition-curves. 

m 

162.  Given  k  to  Find  F,  or  Given  F  to  find  k, — In  first  locating 
the  line  it  will  ordinarily  be  sufficient  to  simply  offset  the  curve 
at  the  P.C.  the  amount  fixed  upon  to  allow  for  insertion  of 
the  transition-curve  and  then  to  run  the  circular  curve  in  the 
usual  way  after  bringing  the  telescope  parallel  to  the  tangent 
from  which  the  offset  was  taken  while  the  transit  was  centered 
over  the  P.C.  At  the  P.T.  a  similar  offset  is  made  and  the 
tangent  parallel  to  the  terminal  tangent  of  the  circular  curve 
continued.  If  the  conditions  are  such  that  Zi  is  fixed  in  length, 
or  can  be  assumed,  F  may  be  computed  by  (172)i,  or  may  be 
taken  from  Table  XVI  with  Zi  as  argument.  If  F  is  given, 
h  may  be  computed  by  (172)2  or  may  be  taken  from  Table 
XVI  with  F  as  argument,  interpolating  if  necessary  in  either 
case. 
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163.  Location  by  Offsets. — Having  given  h  or  F,  as  the  case 
may  be,  determine  F  or  ^  as  suggested  in  162.  At  the  P.C. 
bisect  the  offset  and  set  a  stake  at  that  point;  then  measure 
back  along  tangent  the  distance  x\  which  for  most  cases  may 
be  taken  as  ik — see  formula  (173) — and  set  a  stake,  marking 
it  P.T.C,  From  the  P.C.  measure  forward  aroimd  the  circular 
curve  a  distance  equal  to  /i°  divided  by  the  degree  of  curve, 
D,  which  distance  approximately  equals  JZi.  Here  set  a  stake 
marked  P.C.\.  At  the  quarter-point  offset  from  tangent  an 
amoimt  equal  to  ^F,  for,  by  (170),  the  offsets  are  proportional 
to  the  cube  of  the  distance  from  the  P.T.C,  so  that 

At  the  three-quarter  point  offset,  the  same  amount  from 
circular  curve.  If  the  transition-curve  is  not  over  300  feet  long, 
this  will  be  all  the  points  needed  for  grading,  but  if  longer, 
other  offsets  are  foimd  in  a  similar  manner  for  the  eighth 
points. 

Example. — Opposite  station  2420  on  a  tangent  an  offset 
is  to  be  made  to  the  P.C.  of  a  5°  0'  circular-curve  to  left  and 
transition-curves  inserted,  the  maximum  operating  train  speed 
to  be  50  miles  per  hour.  Required  the  values  of  h  and  F, 
and  the  offsets  at  eighth-points  of  transition-curve,  assuming 
li  to  be  30%  longer  than  the  permissible  minimum. 

By  the  first  table  of  147  the  minimum  value  of  k  is  50X5 =250 
feet,  while  the  second  table  gives  260  feet,  this  latter  value 
being  to  the  nearest  20-ft.  interval.  Adding  30%  to  the  first 
value  we  get  325  feet,  and  to  the  second,  338  feet.  We  may 
use  either  320  or  340  as  the  value  oi  h.  We  will  take  340 
feet  as  the  length  of  transition-curve. 

By  (172)i,  F=0.0000072725X  (340)2X5 =4.20  feet,  which  is 
the  same  value  of  F  found  under  a  5°  curve  opposite  Zi=340 
feet  in  Table  XVI.  This  table  also  gives  a;' =  169.9,  but  for 
all  practical  purposes  it  might  have  been  taken  as  170  feet, 
or  one-half  of  Zi.  The  excess  length  of  transition-curve  over 
tangent  up  to  the  P.C.  is  given  as  0.02  foot,  which  we  neglect 
as  relatively  small.  By  formula  (146),  or  by  Table  XVI, 
/i**=8.5°  and  2/' =2.1  feet  (^iF  by  (174)).  Drive  a  stake 
2.1  feet  from  offset  hub  on  radius  through  P.C.  produced, 
and  mark  it  2420;  measure  back  along  tangent  169.9  feet  to 
station  2418+30.1,  and  drive  a  stake  marked  P.T.C,    Measure 
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forward  around  circular  curve  8.5-^5  =  1.7  stations  ==  170  feet, 
and  set  a  stake  marked  P.C.i  at  sta.  2421+70.1. 

The  approximate  ofifsets  at  the  one-eighth,  quarter,  three- 
eighths,  and  one-half  points  are  set  off  at  right  angles  to  the 
tangent,  and  from  the  circular  curve  on  radial  lines  equal  offsets 
are  made,  reckoning  back  from  the  P.Ci,    These  offsets  are: 

At  mid-point  (  «2420),  the  offset  is  <  =}  -4.2  =2.1  feet. 

At  one-eighth  point,       sta.  2418  +72.6.  t=2.l  X(i)'  =0 . 033  ft. 

••quarter-point  '*    2419+15.1,  <  =2.1  X(l)«  =0.033X2'  =0.26     " 

••  three-eighth  point      *•    2419+57.6,  <=  2.1  X(i)«  =0.033X3'  =0.89     " 

»•  mid-point,  "    2420  r=iF  =1X4.2  =2.10     " 

••  five-eighth  point         **    2420+42.5,  <=  =0:89    " 

••  three-quarter  point     **    2420+85.0./=  =0.26    " 

••  seven-eighth  point      **    2421+27.5,  <=  =0.033" 

Offsets  at  the  eighth,  quarter,  and  three-eighth  points  are 
set  off  from  the  tangent,  and  those  at  the  five-eighth,  three- 
quarter,  and  seven-eighth  points  from  the  circular  curve.  If 
desired,  all  offsets  may  be  figured  from  the  tangent  and  set 
off  therefrom.  Thus,  for  the  five-eighth  point  the  distance 
from  the  P,T.C,  of  that  point  is  five-fourths  of  the  distance 
from  the  P,T£,  to  the  P.O.,  and,  therefore,  i=2.lX(f)^=4.1. 
At  the  three-quarter  point  the  offset  is  equal  to  0.26X3' =7.02 
while  at  the  seven-eighth  point  it  is  11.25  feet. 

164.  Location  by  Deflections. — Ordinarily  the  entire  tran- 
sition-curve is  run  from  the  P.T.C.,  its  length  being  divided 
into  any  convenient  number,  n,  equal  parts — the  correction 
Bq  being  neglected.  The  quantity  Ao  of  (154)  and  (175)  is 
simply  n*.  From  the  P.C.i  the  circular  portion  of  the  curve 
is  run  in  the  usual  way  to  the  P.T.d.  The  terminal  tran- 
sition-curye  may  now  be  backed  in  from  the  P.T.i  in  precisely 
the  same  way  as  the  initial  transition-curve  was  run,  or  it 
may  be  run  by  deflections  from  the  tangent  to  the  circular  curve 
at  the  P.jT.Ci.  In  the  latter  case  Formula  (159)  appUes,  or 
formula  (180)  may  be  used  by  neglecting  the  small  correction 
Bi.  In  both  formulas  Ac=2  — n^— n.  Only  in  very  unusual 
cases  will  it  be  necessary  to  run  any  part  of  the  curve  from 
the  quarter,  half-  or  three-quarter  points.  This  can  readily 
be  done,  however,  by  the  application  of  the  appropriate  formulas 
in  Sections  144  or  149.  Those  who  prefer  to  make  use  of  Table 
XV  instead  of  applying  the  formulas  may  take  the  values  of 
An,  Ac,  etc.,  directly  from  the  tables,  and  these  values,  when 
multiplied  by  one-third  of  /i®,  give  the  deflection  angles  to 
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be  used.    Table  XV  provides  for  as  many  as  20  points  on  the 
transition-curve,  but  ordinarily  10  will  suffice  and  sometimes 
even  5  or  4.    When  the  table  is  used  the  number  of  chords 
on  the  transition-curve  must  be  an  aUquot  part  of  20. 
Example. — Take  the  same  example  as  in  the  last  section, 

for  which  k  =  340  feet  and  D  =  5°.     By  formula  (146)  A''  =  ^^^ 

=8.5°,  the  same  as  given  by  Table  XVI.    Assume  8  chord 
lengths  of  40.5  feet  each.     J7i° =2.83333°  =  170'.    By  formula 
(175)  the  deflection-angles  will  be,  for  the  transit  at  the  P.T.C, 
=Sta.  3418+30.1: 

Forsta.  2418+72.6,  (5o°)i  =170'XA=  =0°2.66' 

''  ''  2419+15.1,  (5o°)i  =  170'XA  =  2.66'X  4=0°  10.6' 
"  "  .2419+57.6,  (5o°)|  =  170'XA=2.66'X  9=0°  23.9' 
"  *'  2420+  .01,  (5o°)i  =  170'X  i=2.66'Xl6=0°  42.5' 
'*  "  2420+42.6,  (5o°)|=170'Xff =2. 66'X25  =  1°  6.4' 
"  *'  2420+85.1,  (Of  =  170'XA  =  2.66'X36  =  1°  35.6' 
"  ''  2421+27.6,  (So °)j=l70'Xjf  =2. 66'X49=2°  10.1' 
'*     '*    2421+70. l(  =  P.C.i),  (5o°)i     =170'  =2°  50' 

At  the  other  end  of  circular  curve,  the  deflection-angles,  meas- 
ured from  the  curve  tangent,  and  taken  in  order  from  the 
P.T.Ci  will  be,  by  the  application  of  formula  (159),  for  suc- 
cessive points: 

(5c°)i  =  (2-H-2)  =  170'xH  =  l°l.l' 
(5c°)i  =  170'X(2--A-i)  =  170'Xll  =  l°56.9' 

and  similarly  for  other  points. 

Had  we  preferred  to  make  use  of  Table  XV,  either  10  chords 
of  34  feet  each,  or  5  chords  of  68  feet  each,  could  have  been 
used.  Assume  10.  For  transit  at  the  P.T.C,  the  deflection- 
angles  will  be 

Forsta.  2418+64.1,  (8o°).i  =  170'X.01  =  1.7' 
**      ''    2418+98.1,  (5o°).2  =  170'X. 04  =  1. rx4=  6.8' 
''     ''    2419+32.1,  (5o°).3  =  170'X. 09  =  1. rx9  =  15. 3' 
and  similarly  for  the  remaining  points. 

For  the  transit  at  the  P.T.Ciy  deflections  from  tangent  to 
circular  curve,  the  angles  would  be : 
For  first  point,  34  feet  from  instrument, 

(5c°).9  =  170'X.29  =  0°49.3' 

For  second  point,  68  feet  from  instrument, 

(8c°).8  =  170'X.56  =  l°35.2' 
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and  sinularly  for  other  points  until  the  P.T.i  has  been  reached. 
Set  up  the  transit  over  this  point,  which  is  at  sta.  2421+70.1 
for  above  example,  backsight  to  the  P.T.d  and  deflect  J/i°  = 
2**  SC,  when  the  telescope  will  be  in  tangent  and  the  line  may 
be  continued. 

155.  The  Transit  Notes  may  be  kept  in  any  convenient 
form  which  will  enable  another  engineer,  whether  familiar 
with  that  form  or  not,  to  readily  miderstand  them.  The  form 
which  follows  (see  Table  on  page  136)  will  answer  the  purpose 
the  notes  given  being  those  for  the  example  of  154  when  the 
angle  between  terminal  tangents  is  7  =  45**  30'. 

It  would  have  been  sufficient  to  have  recorded  deflection- 
angles  to  the  nearest  minute,  or  half  minute,  according  to 
the  degree  of.  precision  with  which  the  transit  vernier  can  be 
read,  but  for  the  purpose  of  checking  the  computations  for  the 
foregoing  example  they  have  been  recorded  to  the  nearest 
tenth  of  a  minute. 

The  length  of  the  circular  portion  of  the  curve  was  found 
from  its  central  angle,  which  equals  45°  30'-2x8°  30'  =  28°  30', 
to  be  570  feet,  which  brings  the  P.T.d  to  sta.  2427+40.1. 
With  the  transit  at  station  2421+70.1,  set  the  vernier  hack 
of  the  zero  to  5°  40' (  =  3/1°)  and  deflect  into  tangent  with 
vernier  reading  zero;  then  run  the  circular  curve  to  station 
2427+40.1.  With  the  transit  set  over  this  station  set  the 
vernier  to  14°  15'  back  of  the  zero  if  the  whole  curve  has  been 
run  from  the  P.Ci,  transit  the  telescope  and  bring  vernier  to 
zero,  when  the  telescope  will  be  in  tangent.  When  the  second 
transition-curve  has  been  run,  set  up  at  sta.  2430+80.1,  back- 
sight on  2427+40.1  and  deflect  2°  50'  into  tangent  at  the  P.T.i. 

The  terminal  transition-curve  is  not  necessarily  of  the  same 
length  as  the  initial  one  for  a  given  circular  curve,  but  in  such 
case  it  is  to  be  run  out  in  the  same  manner. 

The  necessary  computations  for  transition-curves  are  a  httle 
more  troublesome  than  for  circular  curves  because  the  central 
angle  is  proportional  to  the  square  of  the  length  of  curve  from 
the  P.T.C.  (see  formula  (138))  instead  of  the  first  power,  as 
for  circular  curves,  and  also  the  angle  to  be  deflected  from 
the  tangent  when  the  transit  is  at  the  P.T.C.  is  one-third  the 
central  angle  instead  of  one-half.  The  extra  work  in  making 
computations  is  small,  however,  and  otherwise  it  is  as  easy 
to  run  one  curve  as  the  other. 
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Abticlb  13.    Transition  CURVE  Problems. 

166.  To  Find  the  Tangent  Distance  and  Sztemal  when 
Transition-curveB  are  Employed,  Ofiisets  Equal. 

In  Fig.  70  let  AB  be  the  circular  curve,  KF  and  OH  the  Iran- 
sitioncurves.  Let  EK'=.  UK  —  1\  be  the  tangent  distances,  and 
liK  =  Ex  the  external  required.    Let  LK  =  T\    Draw  P  V  per- 


pendicular to  LK;    then  in  triangle  PVK.    VK=  Ft&n  ^1, 
LK  =  AP  +  VK  is  now  known,  or 


T'  =  T-{-  Fi&aiL 


Hence 


Ti-x'  +  r  =  x'  +  T+  FiSLU  iL 


(184) 


(185) 


In  triangle  PVK,    PK  =  Fsec  ^7,  so  that,  letting  PN  =  E, 


El  =  E+  FaeciL 


(180) 


Example.— Two  tangents  intersect  at  sta.  91  +  37  8;  required 
the  tangent  and  external  when  F  -  2.62  ft.,  /  =  26'  30',  D  =  4". 

1040  o 

By  Table  XVI,  h  =  300,  x'  =  149.9.  From  Table  IX,  T=  -^^ 

=  387.3.    Then,  by  (185), 

r»  =  149.9  +  337.3  +  2.62  tan  13"  15'  =  487.8  ft. 

The  station  number  of  PT.G.  will  now  be  91.378  -  4.878  = 
86  +  50. 
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By  (186), 


156.7 


+  2.62  sec  13°  15'  =  41.87  ft. 


Table  XVI  gives  /,**  =  6°;  hence  the  circular  curve  will  cover 
26'  30'  -  2  X  6°  =  14°  30',  or  3.625  stations,  so  that  the  number 
of  the  P.T.,  will  be  86.50  -f-  (2  X  3.00  +  3.625)  =  96  +  12.5. 

167.  Tangent  Distance,  Offsets  Unequal. 

In  Fig.  71,  0,  JV,  and  K  do  not  lie  in  the  same  straight  line. 


Draw  PS  perpendicular  to  NB,  PQ  perpendicular  to  LK.     Let 
LA  z=z  F,MB  =  F'. 


or 


T  ^LK^  AN  -{-NP-  KQ, 

T'  =  T+F'  cosec  /  -  i^cot  /; (187) 

T,=x+T'=x'-^  r  +  F'  cosec  /-  i?'cot  /;  (188) 

T"  =  MK  =T  -  F'  cot  /-f  Fcosec  7  ;   .    .    .  (189) 

Ta  =  a/' -f  y- i^'cot/+ i^cosec/. .     .     .     .  (190) 


Example  —Two  tangents  intersect  at  sta.  820  and  arc  to  be 
united  by  a  6°  cui-ve  having  F  -  1.75,  F'  =  2.95,  and  7=  31°  48'. 

1632  S 
By  Table  IX,      T  =  — g-  =  272.05  ft. 

By  Table  XVI.  ^i  =  200,  ^  =  260,  of  =  100,  a"  =  129.9. 
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-  By(188), 

Tx  =  100  +  272.05  +  2.95  X  cosec  31°  48' - 1.75  cot  31  **  48'=374.a 

By  (190), 
r,  =  129.9  +  272.05-2.95  cot  31°  48'  -f  1.75 cosec  3r  48'=400.5. 

168.  To    Insert    Transition-curves  without  Changing    the 
Position  of  the  Vertex,  B. 

In  Fig.  72,  ABC  is  the  located  curve,  FOHK  the  curve  after 


Fia.  72. 

Inserting  transition -curve.  The  i-adius  of  the  circular  portion  has 
been  changed  from  Rio  R'  in  order  to  make  room  for  the  offset 
PS  =  F.  BM=  E  is  the  external  to  located  curve,  BL  =  E' 
the  external  to  circular  curve  having  radius  R'  and  central  angle 
/.     In  the  triangle  LNM,  LM  =  LN  sec  \I  =  F  sec  \I\  hence 


E'  -  E  -  F  sec  II 


-S' 


(191) 


E  may  be  found  by  (24)  or  by  means  of  Table  IX  ;  then  E' 
becomes  known,  and  from  the  same  table  1/  is  found  by  dividing 
the  tabular  E  by  E'.    If  will  be  larger  than  B, 

It  is  sometimes  more  convenient  to  assume  B^  and  calculate  E' 
in  the  same  manner  as  E\  then,  from  (191), 


F-{E-  E')  cos  iL 


(192) 


If  this  value  of  F  is  too  large  or  too  small  for  the  conditions  of 
the  problem,  a  new  B*  can  be  assumed  and  F  recomputed. 
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Example.— The  P.C.  of  a  5"  curve  is  at  sta.  182,  and  angle 
I  =  40°.  Compute  the  data  for  a  new  curve  to  allow  for  a 
transition-curve  with  1.5  ft.  offset. 

From  Table  IX,  Ex  =  367.7  for  7=40';  therefore 

E  =  ?5^  =  73.54,    Fsec  20*'  =  1.5  X  1.0642  =  1.6 ; 

then,  by  (191), 

E'  =  73.54  -  1.60  =  71.94. 
and 

ly  =  1^  =  5.1113''  =  5°  6.678',  say  6'  r. 
By  Table  XVI,  for  h  =  200,  i>  =  5**  7' 


F=  1.45+^(1.75  -  1.45)  =  1.486. 


For  Ix  =  220, 

F=  1.76  +  ^(2.11  -  1.76)  =  1.801. 

Then  for  F=  1.5,  2?  =  5**  7', 

^,  =  200  +  20  }'^^~'  ^Z^^,  =  200.9  and  of  =  100.4. 

1.801  —  1  48o 

n    /i^Ax         ro      ^^^       200.9  X  5.117       ...o^.oo. 
By  (146),       L   =—  =  ^ =  5.14   =  5  8'. 

The  central  angle  for  circular  portion  of  curve  is  40  —  2  X  6.18 
=  29.74°,  equivalent  to  581.2  feet  around  curve. 

In  Fig.  72,  B  is  at  sta.  186  on  the  5"  curve,  nnd  arc  BO  r=  290.6 
ft.  on  the  5'  7'  curve.  The  P.C,  is  at  186  -  2.906  =  sta.  183  + 
09.4,  the  P.T.G.  at  183.094-2.008  =  sta.  181  +  08.6,  the 
P.T.C.x  at  188 +  90.6.  and  the  P. T.,  at  190 +  91.4. 

Had  D'  been  assumed  equal  to  5°  6'  or  5.1**  to  begin  with, 

we  should  have  had  E'  =  -^  =  72.10  ;  then,  by  (192), 

5. 1 

F=  1.44  X  .93969  =  1.35  ft. 

^1  may  be  found  by  interpolation  from  Table  XVl  as  above. 
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159.  To  Insert  Transition-curves  on  an  Existing  Road-bed 
with  the  Least  Deviation  from  Old  Track. 

To  satisfy  this  condition  the  new  track  should  pass  about  as 
far  outside  the  old  at  the  vertex  as  it  does  inside  at  the  original 

.P,0.;  that  Is,  about  — .    We  shall  now  have 

49 


J  V 


.    (193) 


The  remainder  of  Ihe  problem  may  be  solved  by  158. 

Trausition-curves  may  be  inserted  in  old  track  by  shifting  to 
suit  the  existing  road-bed,  thus  adding  materially  to  the  safety 
and  easy  riding  of  cars. 

160.  To  Insert  Transition-curves  at  the  Ends-  of  a  Long 
Circular  Curve  without  Moving  the  Central  Portion. 

In  Fig.  73,  AC  is  the  circular  curve.  In  order  to  make  room 
for  the  offset  F  the  ends  must  be  sharpened  by  compounding. 
Let  Cbe  the  point  of  compounding,  i?  the  radius  of  the  branch 
CN,  BN  =  KA  =  F,     Let  BEO  be  the  transition-curve  ;  the 


Fio.  78. 


closer  G  comes  to  G  the  better,  provided  the  change  in  radius  at 
C  is  kept  within  certain  limits.  ^  The  difference  in  degrees  between 
the  original  and  the  sharpened  curve  should  never  exceed  2**  and 
may  usually  be  kept  in  the  neighborhood  of  1°. 

First  Method. — Having  decided  upon  the  value  of  F,  assume 
R  so  that  D'  —  D  \&  not  greater  than  2°.     Draw  OL  parallel 

OL 
to  BH\  0(y  —  R-  R\  and  cos  /'  =  ^^,  or 
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This  is  the  same  as  (69)  in  122.  /'  being  kuowD,  set  the  transit 
at  C,  run  out  the  curve  CN,  and  insert  transition-curve  in  the 
usual  way. 

If  /'  had  been  assumed  in  the  beginning,  R'  could  be  found 
from  (194). 

Second  Method. — When  the  circular  curve  is  flat,  and  short 
transition-curves  are  employed,  we  may  compound  the  transition- 
curve  with  the  circular  at  the  P.  C.i,  taking  care  that  the  differ- 
ence of  curvatures  is  not  greater  than  1**  or  2". 

Assume  the  position  of  the  P,C.i  from  100  to  200  feet  from 
the  P.C.;  measure  the  perpendicular  let  fall  from  the  P.C.x 
upon  the  tangent  at  the  P.C.  produced;  this  will  be  yi.  The 
central  angle  /»  can  be  calculated,  knowing  the  length  of 
circular  curve  from  the  P.C.  to  the  assumed  P.C.%,  or  the 
angle  between  tangents  may  be  measured  with  the  transit. 
The  coefficients  G  and  E  of  (140)  and  (142)  may  be  found 
from  Table  XIV  with  lx  =  <p  as  argument ;  then,  from  (140)  and 
(142), 

^1=1- (195) 

xx  =  ^,(1  -  J^ (196) 

Measure  back  from  the  foot  of  the  perpendicular  let  fall 
from  the  P.C.i  a  distance  Xx  along  tangent,  and  set  the  P.T.O, 

Intermediate  points  can  be  located,  if  needed,  by  offsets 
from  tangent,  computed  by  (140)  or  (170) ;  thus  at  the  mid* 
point  the  offset  is  J^i. 

Third  Method. — From  formula  (170), 


lx=  ^' 


.0058i8//  • 
and,  from  (36),  y,  =  J/i'D. 


Therefore  A  =  ."0058187:^  =  ^^  V  '  "^'^^ 
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But  nD  =  Jt**;  heuce 

li  =  150n  ; (197) 

and  as  lOOn  is  the  length  of  circular  curve  from  P,C.  to  P.C.i, 
li  is  once  and  a  half  as  great. 
From  (146), 

From  this  equation  it  is  seen  that  if  the  break  in  curvatures  Is 
limited  to  2**,  this  method  is  admissible  up  to  2>  =  6**,  independent 
of  the  length  of  transition-curve. 

ExAifFLE. — A  4°  curve  is  to  have  transition-curves  inserted  at 
each  end;  compute  the  necessary  data. 

By  First  Method  — Assume  a  1.45-ft.  offset,  and  the  curva- 
ture to  be  changed  from  4°  to  5°  by  compounding.  In  Table  I 
find  B  =  1432.7,  22'  =  1146.3;  then,  by  (194), 

cos  /'  =  1  -  i|^  =  .99494  =  cos  5°  46'. 

The  length  of  5"  curve  is    '       =1.153  stations,  and,  by  Table 

XVI,  It"  =  5°,  so  that  the  P.C.,.  will  fall  15.3  ft.  back  of  the 

5  767 

P.C.C.,  while  the  P.O.  will  be  moved  forward  -^- 1.153  = 

4 

.289  stations  or  28.9  ft. ;  the  RT.C,  being,  by  Table  XVI,  100  ft. 

back  of  the  new  PC,  will  fall  100  -  28.9  =  71.1  ft.  back  of  old 

P.O.    The  transition -curve  may  now  be  located  in  the  usual 

manner. 

By  Second  Method. — Assume  the  Pd  to  fall  150  ft.  from 
the  P.C.,  making  /i**  =  1.5  X  4  =  6^  From  Table  XIV,  (7  = 
.03488,  and,  by  (36),  pi  =  |(1.5)«  X  4  =  7.875  ft. 

By  (195), 


Now,  by  (146), 


7  875 


^  _  ly  X  225.8 
'^"■'200       • 
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from  which  D'  =  5.314°  =  5°  18.8',  which  differs  less  than  2' 
from  D 
By  (196), 

<Xh  =  225.8(1  -  .0011)  =  226.6  ft 

To  find  the  position  of  P.T.G.  with  reference  to  the  old  P,C. 

consider  that  the  distance  from  P,  C.  to  foot  of  perpendicular  from 

the  P.G.x  is  half  the  chord  for  angle  2/i ,  and  can  be  taken  from 

1      1197  9 
Table  IX,  being  equal  to  -  X  —j^  =  149.7.   Then  235.6  -  149.7 

=  75.9  feet  is  the  distance  from  .old  P.C;  back  to  P.T  G. 

By  Third  Method. — Assume  the  P.G.i  to  be  150  ft.  from  the 
old  P.  G. ;  then,  by  (197),  U  =  225  ft.,  and,  by  (198),  the  curvature 
of  transition-curve  at  the  P.C.i  is  |  X  4°  =  5"  20',  giving  almost 
the  same  results  as  by  the  second  method.  Had  we  taken  the 
RG.i  160  ft.  from  P.C.  we  should  have  had  h  =  240,  D'  =  5°  20'; 
Xi  =  239.7,  by  interpolation  from  Table  XVI;  the  length  along 
tangent  from  PG.  to  foot  of  perpendicular  from  P.C.i  159.9  ft., 
and  therefore  239.7  -  159.9  =  79.8  ft.  as  the  distance  from  P.G. 
to  P,T.G. 

161.  To  Insert  Transition-curves  at  the  P.G.  and  P.G.G,  of 
a  Compound  Curve  by  Changing  the  Curvatures  of  the  First 
Branch. 

In  Fig.  74  let  ABV  be  the  located  curve  compounding  at  J?, 
Two  cases  occur. 

First  Case. — Second  branch  hacing  shoi'ter  radius. 

The  offset  at  P.G.G.  must  be  to  outside  of  located  curves;  let  it 
be  EB  =  F^  in  the  figure.    Let  GP  =  P  be  known  or  assumed. 

Draw  the  tangent  BO,  and  draw  £!H  parallel  thereto.  Let  CE 
be  the  changed  curve,  and  GQ  parallel  to  tangent  AIL  Angle  I 
may  be  computed  from  the  known  station  numbers  of  A  and  B, 
or  may  be  measured  on  the  ground.  The  new  tangent  distance  is 
EQ  =  BO-  GK--  HQ  (or  LS).  From  the  right  triangle  OHK, 
GK  =  IIK  tan  GUK=  P,  cot  7. 

Similarly,  LS  =  LW cosec  1=  F cosec  /.    Therefore 

T  =  Eq=  T  -  F^QOil  -  Pcosec  I.     .     .    (199) 

T  can  be  found  from  Table  IX  or  formula  (14);  then  7"  is 
known  from  (199).  The  degree  of  new  curve,  ly,  may  now  be 
found  by  means  of  Table  IX,  or  from  Table  I  by  first  finding 
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^  by  (15)     The  transition  curve  at  the  P.  C,C,  may  be  located  by 
146  and  161,  while  tl\at  at  the  P,C,  may  be  located  either  by 
onsets  or  deflections. 
Sbcond  Casb. — Second  hrancJi  having  longer  radius. 


L    Q    H 


Fio.  74. 


In  this  case  the  offset  must  be  to  inside  of  curve,  and  NS  is  the 
tangent  required.    From  the  figure,  letting  NB  =  Ft ,  US  =  T', 

T  -  T+F^cotl^  FcosecL.    ,    .    .    (200) 


The  remainder  of  the  solution  is  the  same  as  for  fii-st  case. 

Example. — A  5"  curve  compounds  at  sta.  280  with  a  9**  curve; 
the  P.C.  is  at  sta.  272.  Required  the  change  in  curvature  of 
first  branch  for  an  offset  of  1.50  ft.  at  RC.C,  and  2.00  ft.  at  P.C. 

Here  /  =  8  X  5°  =  40%  and.  by  (199), 

r  =  417.1  -  1,5  X  1.19175  -  2  X  1.5557  =  412.2 
2085.5 


i>'  = 


412.2 


=  5.06°  =  5°  3.6'. 


i>a  —  2/  =  9  —  5.06  =  3.94°  is  the  difference  in  curvatures  of 
the  two  branches  of  the  altered  curve.  Entering  Table  XVI 
with  this  value  for  D  and  F  =  1.5  ft.,  we  find : 
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for  li  =  220, 
"  ^1=240, 


F 


.'.  for  F=  1.5,  D  =  3.94%    li  = 


1.06  +  .94(1.41  -  1.06)  =  1.39; 
1.26+  .94(1.67  - 1.26)  =  1.65. 

2^  +  24fetl9  =  ^'' 


Bisect  the  offset  at  P.C.  C,  measure  114.25  ft.  aloDg  each  curve, 
and  set  the  ends  of  transition -curve.  Midway  between  these 
points  and  P. CO.  offset  ^^  X  1.5  =  0.1  ft.;  these  are  all  the 
points  needed. 

The  length  of  transition-curve  at  P.C,  may  be  found  in  like 
manner,  taking  2)  =  5.06°  and  i^=2.0  ft.  as  arguments  in 
interpolating  in  Table  XVI. 

162.  To  Insert  Transition-curves  at  the  Snds  of  Two  Circu- 
lar Curves  of  Contrary  Flexure  united  by  a  Common  Tangent. 

In  Fig.  75  let  the  located  line  be  ABCE;  the  tangent  BC  must 
be  shifted  outward  at  B  and  C  to  the  position  HO,  the  relative 
size  of  offsets  being  determined  by  the  nature  of  the  ground. 
The  points  B*  and  C"  at  which  the  tangents  to  circular  curve* 


Fig.  75. 

will  be  parallel  to  HO  will  each  move  towards  8  a  distance  due 
to  the  increase  of  central  angle,  which  increase  -equals  B8H=  a, 
for  which  we  have 

BH+CO 


tan  a  = 


BG 


Let  the  offset  at  B*  be  F,  and  at  C\  F\    Then 

F={Ii-\-BH)co^a'^R,    , 


(201) 


(202) 
(d08) 
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F  and  F\  being  now  known,  the  transition-curves  may  be 
located. 

Example. — A  6*  curve  and  a  4*  curve  are  united  by  a  tangent 
540  ft.  long;  BHiox  6"  curve  =  4.5  ft.;  CG  for  4°  curve  =  3  ft.; 
B  is  at  sta.  180,  G  at  185  +  40.    Find  F  and  F', 

By  (201),  tan  a  =  ^  =  .0139  =  tan  0**  48'. 

540 

g 

B  will  be  moved  forward  *^  =  .133  stas.  =  13.3  ft.  to  sta. 

o 

180  4- 13.3,  and  G  will  be  moved  backwards  ~r  =  .2,  stas.  or  20 

4 

ft.  to  185  -f  20. 
By  (202),        F=  (955.4  +  4  5)0.99990  -  955.4  =  4.4  ft. 
By  (203).       F'  =  (1432.7  +  3)0.99990  -  1432.7  =  2.86  ft. 

These  values  call  for  h  =  317.8  ft.  for  6"  curve,  and  h  =  313.3 
for  4*  curve. 

Remabe. — It  will  frequently  be  found  that  this  problem 
allows  the  line  to  be  thrown*  on  better  ground.  Should  the 
ground  require  tangent  to  be  shifted  inward,  the  curves  must 
be  sharpened  by  compounding  to  admit  of  the  necessary  offsets. 

163.  Having  Run  a  Tangent  which  Falls  Outside  a  Located 
Cnrve,  to  Find  the  Offset  F  for  a  Transition-curve  Uniting 
them. 

In  Fig.  76  let  the  tangent  he  AB ;  GE  the  located  curve.     Set 
transit  at  some  point  (7,  and  bring  telescope  into  tangent  to 
curve.    Measure  GB  and  move  to 
Bt   where   angle    ABG  must   be 
measured  ;    or   measure   GH  per- 
pendicular to  ^5 ;  then 

GH 
sm  a  =  _. 

Now  EG  =  R  vers  a  ;  or  it  is 
the  mid-ordinate.  for  twice  o,  and 
may  be  found'  from  Table  IX ; 
then 

F^Gff-EG=Gn-BYena,    .    .    .    (204) 

The  point  E  is  found  from  G  by  the  relation  EO  =  ^• 
The  transition-curve  may  now  be  located. 


148     A  FIELD-MANUAL  FOR  RAILROAD  ENGINEERS. 

164.  Inserting  Transition-curves  in  Old  Track. — Sections 
169  and  160  afford  the  means  of  inserting  transition-curves,  of 
which  169  is  theoretically  the  best,  though  from  the  amount  of 
track  disturbed  it  may  be  better  to  employ  160.  Sometimes  the 
method  of  162  may  be  emploj^ed  to  advantage  when  the  connect- 
ing tangent  is  short.  For  casing  the  curves  at  point  of  com- 
pounding, the  method  of  161  may  be  made  use  of. 

The  offsets  must  necessarily  be  small  if  the  new  track  is  re- 
quired to  occupy  the  old  road- bed.  It  may  be  profitable  to  add 
to  the  road-bed  when  sufliicient  offset  cannot  be  secured  for  sharp 
curves,  tliough  ordinarily  much  good  can  be  accomplished  even 
when  the  new  track  is  restricted  to  the  old  road-bed. 

Unless  the  theoretical  P.O.,  P.G.C.,  and  P.T.  have  been 
marked  by  monuments  it  may  be  difficult  to  retrace  the  old 
lines.  If  there  is  plenty  of  room,  the  terminal  tangents  may  be 
prolonged  to  intersection  and  /measured,  after  which  the  degree 
of  curve  may  be  found  by  measuring  around  curve  and  by  ap- 
proximate measurements  of  the  tangent  distances  ;  then  one  or 
two  assumptions  and  computations  will  generally  suffice. 

In  cuts  and  rough  country  the  curve  may  be  run  out  by  setting 
transit  in  center  of  road-bed  and  measuring  the  deflection -an gleti 
for  a  few  points  around  the  curve. 

After  the  transition-curves  have  been  inserted  permanent  monu- 
ments should  be  placed  at  each  end  of  transition-curve  to  guidf 
the  trackman  in  keeping  up  the  proper  superelevation  of  omW 
rail. 

166.  Remarks  on  Tabular  Interpolations. — The  general  inter 
polation  formula  given  in  algebra  is 

+  P<^-^><Pj^><P-«><f.  +  etc.. 

in  which  t  is  any  term,  a  the  first  term  taken,  p-the  number  of 
terms  from  a  to  t,  d\  the  first  from  a  of  the  first  order  of  differ 
ences,  d^  the  first  of  the  second  order  of  differences,  etc. 

In  ordinary  linear  interpolation  all  terms  after  the  second  are 
neglected  ;  in  interpolating  by  second  differences  all  after  the 
third,  etc. 

In  Table  XIV  linear  interpolation  will  answer  for  C  and  ordi- 
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narily  for  i^,  though  second  differeuces  may  sometimes  be  needed 
.  for  the  latter. 

In  Table  XV,  -4  is  a  quadratic  function  of  n,  as  shown  by  for- 
mula (153),  while  5  is  a  cubic  function  of  thftt  portion  that  has 
been  retained.  Hence  A  should  be  interpolated  by  second  differ- 
ences, while  theoretically  B  should  be  interpolated  by  third 
differences  ;  but  as  B  is  always  quite  small,  its  second  and  third 
differences  will  be  too  small  to  affect  results,  and  linear  interpola- 
tions may  be  made  when  any  are  needed. 

In  Table  XVI  linear  interpolations  will  generally  suffice, 
though  when  -^and  y  are  large  it  may  be  necessary  to  use  second 
differences. 

The  examples  of  168  and  161  illustrate  the  method  of  inter- 
polating in  Table  XVI  for  intermediate  values  of  F  and  D. 
Values  of  -^were  first  found  for  the  given  degree  of  curve  and 
assumed  values  of  U ,  so  taken  that  the  true  ^i  should  be  between 
them.  From  these  assumed  values  of  h  and  F,  taken  with  the 
required  F,  the  true  h  was  found  by  linear  interpolation. 

As  an  extreme  case  suppose  F  and  yx  wanted  for  an  18°  curve 
when  Z,  =  408  feet. 

First  write  a  few  values  of  yi  and  i^  so  as  to  obtain  the  first 
and  second  differences. 

l\  Vi  rfi  cTj  F  d,  dj 


400 

81.43 

8.08 

20.63 

2.08 

420 

89.51 

8.43 

0.35 

22.71 

2.18 

0.10 

440 

97.94 

8.78 

0.35 

24.89 

2.28 

0.10 

460 

106.72 

27.17 

By  the  interpolation  formula,  when  h  =  408, 


(A  - 1) 


y,  =  81.43  +  ^%  X  8.08  +  ""^^^ — -'  X  0.35  =  84.62, 


F=  20.63  H-  A  X  2.08  +  '^^^ — -  X  0.10  =  21.45. 


By  linear  interpolation,  y^  =  84.66,  F  =  21.46. 
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Again,  suppose  y%  to  be  wanted  wheu  U  =  430.  By  the  formula, 

y,  =  81.43  +  fg  X  8.08  +  tM?^!!!)  x  0.35  =  93.68, 


OT 


y,  =  89.51  +  iJ  X  8.43  +  ^^- — ^  X  0.35  =  93.6a 


CHAPTER  V. 

TURNOUTS,  FROGS,  AND  ^WITCHES. 

Article  14.     Turnouts. 
A.    Turnouts  from  Straight  Lines. 

166.  A  Turnout  is  a  track  leading  from  one  track  to  another, 
and  is  made  up  of  a  switch,  a  frog  and  the  rails  necessary  to 
connect  these  and  to  extend  the  turnout  beyond  the  frog-point.  | 

a.  The  Gauge  Lines  of  a  track  coincide  with  the  inside  faces 
of  the  rail  heads  on  a  line  |  inch  below  the  top  of  rails. 

h.  The  Gauge,  gf,  of  a  track  is  the  distance  between  gauge 
lines  of  that  track,  and  for  standard  gauge  track  equals  4  feet 
8i  inches  on  tangents.  To  accoDMnodate  rigid  wheel-bases 
of  trucks,  the  gauge  is  increased  on  curves,  and  should  be 
greater  for  sharp  curves  than  for  flat  ones. 

c.  The  Switch-rails  (or  Switch-points)  are  two  wedge- 
shaped  sections  yoked  together  by  bridle-bars  or  rods  and 
free  to  sUde  on  plates  which  rest  on  the  switch-ties.  The  jmrU 
of  switch  is  that  point  at  wliich  the  turnout  begins,  and  for 
spUt  switches — the  form  used  on  all  steam  roads  except  for 
a  comparatively  few  unimportant  spurs  or  sidings — is  movable 
by  means  of  a  switch-stand,  or  by  an  interlocking  system  operated 
from  a  suitable  tower.  The  heel  of  switch  is  the  other  end 
of  the  switch-rail,  and  is  fixed  in  position,  but  not  so  firmly 
as  to  prevent  free  movement  of  the  rest  of  the  switch  rail  when 
the  switch  is  thrown.  The.  theoretical  and  actual  points  of 
switch  do  not  coincide,  but  the  point  is  "dubbed  off"  where 
its  thickness  reduces  to  about  \  inch.  The  usual  lengths  of 
switch-rails  are  either  15  or  16§  feet,  though  longer  ones  are 
now  coming  into  more  general  use  than  heretofore. 

In  Fig.  77  (a)  represents  the  Split  Switch,  (6)  the  Tongue- 
and-mate  Switch,  and  (c)  the  Stub  Switch. 

The  Tongue-and-mate  Switch  is  composed  of  a  steel  wedge 
or  tongue  as  one  rail,  pivoted  at  its  heel  and  moving  in  a  cast- 
iron  frame  around  which  a  street  pavement  may  be  built. 
In  the  opposite  rail  is  a  rigid  fitting,  called  a  mate,  in  the 
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arrangement  employed  by  street  railways,  but  when  used 
by  steam  roads  it  consists  usually  of  a  pair  of  tongues  only, 
operated  in  the  same  manner  as  a  spUt  switch. 

In  a  Stub  Switch  the  toe  is  fixed  and  the  heel  moves.  A 
full  length  rail  is  spiked  for  part  of  its  length,  the  remainder 
being  free  to  move  by  sliding  on  plates  on  the  ties,  the  pair 
of  sliding  rails  being  yoked  toge'ther  so  that  both  move  at  the 
same  time.  This  type  of  switch  should  never  be  used  on 
standard  track,  but  may  be  used  during  construction,  and 
in  places  where  cheap  installation  is  important  and  danger 
of  derailment  is  small. 

d.  The  Throw,  t,  is  the  distance  through  which  the  point  of 
switch  moves  at  right  angles  to  the  track  from  which  the  turn- 
out leads  and  is  usually  about  5^  or  5?  inches.  The  heel  dis- 
tance, hj  need  not  be  greater  than  this,  but,  to  allow  room  for 
fastening  the  ends  of  the  point  rails,  is  usually  6  or  6}  inches. 
The  switch  stand,  or  operating  device  in  case  of  an  interlocking 
system,  rests  upon  one  or  two  extra  long  ties  termed  the  Head 
Blockj  which  should  be  set,  whenever  possible,  upon  that  side 
of  the  track  which  is  on  the  engineman's  side  of  the  cab  as 
the  train  approaches  the  turnout. 

e.  A  Switch  Stand  is  set  opposite  the  point  ends  of  switch- 
rails  upon  the  head  block  and  carries  a  lever  which  operates 
the  rods  connecting  to  the  switch-rails,  and  at  the  same  time 
moves  the  target  to  indicate  to  the  engineman  whether  the 
switch  is  set  for  the  main  line  or  the  siding.  At  night  colored 
lights  serve  the  same  purpose  as  the  target  serves  during  day- 
light. For  interlocking  systems  signals  are  shown  by  sema- 
phores. 

In  order  to  Umit  the  number  of  obstructions  in  crowded 
yards,  various  devices,  such  as  the  Tumbling-lever  stand,  or 
Ground-lever  stand,  the  Monkcy-switchj  etc.,  are  frequently 
used. 

A  Facing  Point  switch,  or  simply  a  Facing  switch,  is  one 
for  which  the  normal  direction  of  traffic  on  a  double  track 
railway  is  from  the  switch-points  towards  the  frog,  and  a 
Trailing  switch  is  one  for  which  the  normal  direction  of  traffic 
is  from  the  frog  towards  the  switch-points.  In  the  interests 
of  safety  the  latter  arrangement  should  always  be  used  if  it 
be  possible  to  do  so. 

On  single  track  all  switches  are  facing  or  trailing  switches, 
according  to  the  direction  of  traffic. 
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/.  The  Frog-point  is  situated  at  the  intersection  of  the  gauge 
Unes  of  the  intersecting  rails  and  Ues  a  few  inches  in  advance 
of  the  actual  blunt  point  as  the  frog  is  manufactured.  The 
thickness  of  the  actual  point  is  about  J  inch. 

g.  A  Guard  Rail  is  set  on  the  inside  of  the  rail  opposite  to 
that  in  which  the  frog  is  located,  in  order  to  guide  the  wheel- 
flanges  in  the  proper  direction.'  This  is  a  section  of  rail,  having 
its  ends  bent,  and  set  far  enough  from  the  track  rail  to  give 
clearance  for  wheel-flanges. 

h.  The  Frog-angle,  F,  is  the  angle  at  the  theoretical  frog- 
point  between  the  gauge  lines  of  the  frog. 

i.  The  Frog  Number,  Ny  is  the  ratio  of  the  axial  length, 
measured  from  the  theoretical  frog-point,  to  the  width  of  base 
as  measured  at  right  angles  to  the  axial  length. 


Theoretical  Point 


DIAGRAMATIC  FROG 
Fig.  78. 


Fig.  78  is  a  diagrammatic  representation  of  a  frog, 
definition 

AE     k 


and  also 


N  = 


BC    w* 


k 


By 


(205) 


'^-i^4^2^ 


(206) 


j.  The  Lead,  I,  is  the  distance  from  the  point  of  switch  to 
the  theoretical  point  of  frog,  and  L  the  distance  from  point  of 
switch  to  actual  point  of  frog,  measured,  along  the  main  rail 
in  which  the  frog  is  placed.     In  Fig.  80  CB  —  l  and  CP^L, 

k.  The  Frog  Distance,  /.  d.,  is  the  length  of  chord  of  outer 
rail  of  turnout  measured  from  the  heel  of  switch  to  toe  of 
frog  (end  of  wing  rail)  for  straight  switch-points  and  frogs, 
and  from  the  theoretic  point  of  switch-rail  to  theoretic  poin|l 
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of  frog  if  the  switch-rails  are  regarded  as  curved  and  the  turn- 
out curve  tangent  to  the  frog  at  its  theoretic  point.  In  Fig. 
80,  HM  is  the  frog-distance  for  the  first  case,  and  in  Fig.  92 
AB  is  the  frog-distance  for  the  second  case. 

L  The  Stub  Lead,  s.  L,  is  the  distance  measured  along  main 
rail  from  the  actual  point  of  frog  to  a  point  where  the  turnout 
rail  diverges  from  the  main  rail  a  distance  equal  to  the  throw. 
In  Fig.  80  CP^l  and  QP=s.  I. 

m.  Frogs  are  constructed  either  as  Rigid  Frogs,  that  is, 
those  having  their  several  parts  fixed  in  relation  to  each  other 
by  rivetting  to  a  bottom  plate,   or  as  Spring^ail  Frogs,  for 


Theoretical  Point      Actual  Point 


Wing  Ball 


Flangeway 
(a)  RIGID  FROG 


Short  Point  Rail 


(6)  SPRING  RAIL  FROG 
Fia.  79. 


which  the  point  is  normally  held  against  the  main  rail,  so  as 
to  avoid  the  gap  which  is  present  in  rigid  frogs,  and  which 
must  be  sprung  by  the  wheel-flange  when  a  train  is  passing 
the  frog  on  the  turnout.  In  Fig.  79  (a)  shows  the  arrange- 
ment of  the  rigid  frog  and  (6)  that  of  the  spring  frog. 

167.  Given  the  Frog-number,  A^,  the  Gauge,  ^,  the  Length 
of  Switch-rail,  s,  the  Distance  froni  the  Tlieoretical  Point  to 
Toe  of  Frog,  /,  and  the  Width  or  Thickness  of  Frog-point,  w\  to 
Find  the  Radius,  Rf  of  Center  Line  of  Turnout  and  the  Leads 
/  and  L  from  C  to  B  and  C  to  P,  respectively,  in  Fig.  80. 

Fig.  80  shows  the  notation  employed. 

From  the  triangle  AXH, 


smo=— , 
s 


(207) 
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From  triangle  BVM, 

m  =/  cosin  F,     and    n=f  sin  F (a) 

In  formula  (207)  /i=  actual  heel  distance  —  thickness  of  switch- 
rail  point. 


O       0 


Fia.  80. 


In  triangle  MGHy  q  =  g-h-n,  and 


Also, 


Hilf=c  =  g  cosec  J(^+'S[)=gnri(F+5)* 


GM=j  =  q  cotan  l(F^S)  -^^Tfp:^y 
From  triangle  HMO, 


.     .     (W 


.     .     (c) 


^+^^=2iiiri(/'^^^')^^''^'''^''^^^"'^'  •  '  ^^^ 


At  the  frog-point, 


?.?r' 


p  =  — — ,  ,,  =  2^^' cosec  JF (d) 

sm  J/' 

From  the  figure, 

?  =  s+j4-m,     and    L--s-^ji-m-\-p.      .    .     (209) 

In  the   formulas  for  c   and  q,  g  and  /i  must  be  reduced  by 
the  thickness  of  switch-rail  point  Ixifore  solving. 

168.  The  Coordinates  to  the  Quarter-points  of  the  Lead- 
rail,  HM,  may  be  found  as  follows: 
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Produce  the  curve  MH  backward  to  TF,  where  its  tangent 
will  be  parallel  to  main  line  track.  The  intercept  between 
W  and  the  foot  of  a  perpendicular  let  fall  from  H  upon  OW 
is  =  (-K+ §(/)(!  —cos  S)  =-  (^+3-^)  vers  S^  and  therefore 

e  =  h-{R^-lg)wQV^S (210) 

The  offset  from  the  quarter-point  of  lead-rail  is 

yi=e4-(/J+-J^)  vers  [.Sf+i(/^-.S)] 

=64-(/J+-Jp)versi(F+3^)  .     (211) 

Xi=5+(/2-hk)[sin(^+i(/^-5)) -sin  5] 
=s4-(/2+k)[sin  i(F+3AS)  -sin  S\ 
For  the  mid-point 

2/2=c-h(/2+ip)  vers  [>Sf+i(/^-'S)} 

=e-f(/J+^f7)versi(/^+'S)  i    .     (212) 

a;2=s+(«+k)[sin  i(/^-fASf)-sin5] 
For  the  three-quarter-point 

yz^e-^iR+lg)  vers  [*Sf+f  (/?^-.Sf)] 

=c+(i2+i^)versi(3F+^)  -    .     (213) 

a;,=5-h(/2+k)[8in  i(3F+^)-sin  S] 

169.  The  Closures,  HM,  of  Curved  Track,  and  QJ,  of  Straight 
Track,  between  Heels  of  Switch-rails  and  Toes  of  Frog,  may 
readily  be  foimd  from  Fig.  80,  as  follows: 

HM^{R-{-\g)2.vc{F-S) (214) 

In  which  arc  (F—S)  is  the  angle  HOM  reduced  to  circular 
measure. 

•    If  the  wing  rails  JB  and  MB  of  frog  are  of  equal  length  the 
closure  for  straight  rail  is 

QJ  =  L-{s+f+p)=l-{s+f).      .    .     .     (215) 

From  (214)  and  (215) 

HM-QJ^(R-\-ig)  arc  (F-S)-L-\-s+f+p, 

=  (/2+k)arc(F-^)+/-y-m,    .     .     (216) 

Fig.  80  yields  also  the  following  value  of  this  difference: 

HM-QJ^{R-\-ig)laiTc  (F-S)+sm  S-sinF].     .     (210') 
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If  the  wing  rails  of  the  frog  are  so  made  that  the  difference 
of  their  lengths  equals  the  above  difference,  the  two  closures 
will  be  equal.  This  will  require  that  both  right-  and  left-hand 
frogs  be  carried  in  stock,  however. 


170.  Practical  Leads.  To  avoid  having  to  cut  rails  in  order 
to  make  the  closures  HM  and  QJ,  called  for  by  Equations 
(214)  and  (2L5),  it  is  customary  to  modify  these  so  that  avail- 
able standard  lengths  may  be  used.  This  modification  deforms 
the  curve  between  H  and  M  somewhat,  but  as  trains  should 
be  moving  slowly  when  entering  or  leaving  turnouts,  this  change 
is  not  material. 

A  further  desirable  modification,  suggested  by  equations 
(216)  and  (216'),  is  to  have  the  toe  length,  /,  of  the  frog  on 
the  turnout  side  made  longer  than  that  on  the  main-rail  side 
in  order  that  the  arc  HM  may  just  equal  the  main-line  closure 
which  takes  the  place  of  QJ. 

Most,  of  the  larger  railroad  systems  have  their  own  standard 
turnouts  for  which  the  necessary  functions  and  dimensions 
are  worked  out  and  tabulated  in  the  office  for  the  various 
frog-niunbers  used  by  each  system.  The  foreman  of  the  track 
gang  then  needs  only  to  have  the  locations  of  the  actual  frog 
points  marked  on  the  ground  by  the  engineers,  though  it  is 
desirable  to  have  the  head-blocks  marked  also  by  stakes. 

Whenever  possible  the  frog  should  be  so  located  that  its 
heel  on  the  main-line  will  fall  at  a  rail  joint  in  order  to  avoid 
having  to  cut  a  rail.  This  can  generally  be  done  by  shifting 
the  point  of  frog  forward  or  backward  a  few  feet,  and  at  the 
same  time  hold  the  turnout  curve  upon  the  previously  pre- 
pared road  bed.  The  radius  of" turnout  (mrve  and  the  offsets 
to  its  outer  rail  will,  however,  be  changed. 

171.  To  Find  the  Increase  of  Tangent  beyond  Heel  of  Switch- 
rail,  and  New  Radius  of  Outer  Rail  for  a  Given  Increase  in 
the  Lead. 

In  Fig.  81  AH  MB  represents  outer  rail  of  turn  out  as  com- 
puted by  the  preceding  methods;  A'NH'MB  the  transformed 
turnout  required  by  the  practical  lead  C'B=U.  NW  is  re- 
quired. 

Let  HN  be  parallel  to  main  rail,  i/,  H\  and  M  lie  on  the 
same  straight  line,  since  the  central  angles  of  the  curves  HM 
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and  H'M  are  equal.    In  triangle  NHW  the  angle  at  H  equals 
180*^-4(^+5)  and  NU--A'A  ^CC, 


UF-S) 


Fig.  81. 


Also, 


and 


,.  ^rH'=^^:44#^=«'-«.  .  .  ■.  (217) 

sm  \{F—S)  ^      ' 


nw^ 


H'M-=c'=c-HH\ 


The  radius  of  the  transformed  curve  will  now  be  given  by 


i2'  = 


2  sin  ^(F-S) 


j^-i9' 


.    .     (218) 


For  the  offsets  at  the  quarter-points,  formulas  (211),  (212), 
and  (213)  will  apply  if  for  e,  as  determined  by  (210),  we  sub- 
stitute, 

e  =  h+{8'-8)  sin  S-(R'+ig)  vcrsS. 

172.  To  Find  the  Increase  of  Tangent  Past  the  Toe  of  Frog 
and  the  Radius  of  Outer  Rail  for  a  Given  Decrease  in  the 
Lead. 

In  Fig.  82  AH  MB  represents  the  outer  turnout  rail  as  com- 
puted where  the  theoretic  lead  is  used;  A'H'M'B  the  transformed 
curve  required  by  the  change  CC'=AA'  of  lead.  NM'  and 
HW  are  parallel  and  equal  to  AA'y  since  the  chords  HM  and 
H'M'  are  parallel.    From  triangle  NM'M. 
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Also, 


and 


^^,^^A'sin  i(F+S) 


NM  = 


sin  i(F-S) 


A  A'  sin  F 


sin  i(F-Sy 
H'M'=-HN=c'=c-NM, 


(219) 


R'     = 


2smiiF-S) 


ig- 


(220) 


for  the  offsets  at  quarter-points,  formulas  (211),  (212),  and 
(213)  will  apply  by  making  e  =  h+M'M  sin  F-{R'+^g)  vers  S,^ 


Hf-S) 


Fia.''82. 


173.  Tables  of  Theoretical  and  Practical  Leads,  as  recom- 
mended by  the  American  Railway  Engineering  Association, 
are  given  below.  The  thickness  of  all  frog-points  is  taken  as 
i  inch,  and  of  all  switch-points  \  inch.  The  ''Frog  Bluntness" 
is  p,  of  Fig.  80,  and  equals  5  inch  multiplied  by  the  frog  number. 
The  heel  distance,  h,  is  taken  as  6}  inches  in  all  cases.  The 
length  of  wing  rail  from  the  theoretical  point  of  frog  to  its  toe 
varies  in  practice  with  the  standards  adopted  by  different 
manufacturers  or  the  requirements  of  particular  railway  sys- 
tems, as  does  also  the  total  length  of  frog.  The  values  given 
in  the  first  table  are  those  recommended  by  the  Association, 
based  on  theoretical  computations,  and  the  values  in  the  sec- 
ond table  are  those  which  the  Association  recommends  for 
practical  use  as  involving  a  minimum  of  rail  cutting. 


TOBNOUTS, 

ft 

G8,   A^ 

,,SSS 

ID  8W 
S3S 

ITCHES.               ICl 

S::S   iS5   SSR 

■"sss 

5SS 

S3S  sas  151 

i 
I 
i 

,qa™"S  Jnj  ojiw„|o 

3 

.s== 

ga: 

33S   S^S   SSS 

"■33S 

533 

ass  sas  si=s 

"^ 

SS3 
353 

gS3  ESS  SSS 
ECa   SJS   5SS 

g.-i  sss  sss 

Q 

r. 

< 

'lAJiiQ  inoomi  jn  amSaa 

== 

.S3S 

2SS 

S23  S33  SSS3 
==3   3=5   =55 

.SS3   3SS   iit 

^ 

■imuiTij,  JO 
Bon  ■'MOij  JO  Biijiinu 

=« 

2 

g 

2 

£  =  =  = 

its 

22g 
2SS 

ill   111   III 

==3  "sis  sJI 

352   233   SfSS 

-.[SUV  I!tu-q!H!«B 
-lim-qaiine  jo  mHuaq 

~^ 

SS3  aiii  sis 

!St3   S=i   555 

22_S.253Jg3 
22=    252    ess _ 

=32  S53  233 
235  SSS   KSS 

■»1  ID  pDJJllS 

i 

Ot   90J,    ■■I1».ri'7"<.j. 

s 

nnuj   Sojd  JO   qiUqii-i 

■amj  JO  aox  m  inm,r 

- 

^SS5 

i 
? 

■aiSav  a«,i 

^ 

■«qaiHN  Kojj 

" 

— " 

"2=   223   5g3 

.   FIELD-MANUAL   FOB  RAILBOAD   ENGmEEOtS. 


pSAJHa  JO} 

ss 

++ 

is 

ssg 

5 

X 

+ 
55 

i 

1 

III 

1 1,3111  J1H  JO  J 

=- 

gSK 

ags3 

+++ 

S§5 

ass 
+++ 

ass 

i 

ssa 

22S 

SRS 

ass 

ss 

s 

-HojJIBni 
1IBJ-11JI|«S    JO 

ii,^ 

,,S5S 

2Sg 

r:S5 

SSK 

33 

f: 

- 

"S35 

ssf; 

pe;s 

sss 

ss 

m 

■IQioa 
-Sojj  imiiojoaqx  <n        , 

iCSS 

sss 

S5SS 

gsg 

ES 

1 

-S35 

S5;: 

PE^g 

sss? 

ss 

.„...■",', 

»f.,  5 

■gas 

£SS 

SSS 

sss 

ss 

s 

a 

"odo 

=  oo 

ooo 

ooo 

-o 

i 

„„..:e' 

Si.i  1 

^!ld 

3g§ 

^gg 

^§^ 

s? 

1. 

i 

5 

^K3f= 

sss 

S2Sfe 

SS& 

ss 

g 

; 

p 

f^MMM 

«M» 

ci«P. 

McgH 

«« 

1 

R 

=32 

S3S 

2S 

s 

S 

^£SS 

!:k^ 

S3S 

sss 

381 

s 

B 

^Esaa 

38 

s 

J< 

« 

^ass 

asg 

sg§ 

2SS 

53 

s 

"oo- 

1 

£^KI 

sss 

sss 

gS2 

f!3 

g 

.»™.,. 

'.S„ 

= 

ass 

«Jt-« 

sss 

S3 

2 

■..„„.., 

..„..„ 

itt 

.sss 

g52 

5SS 

ESS 

SS 

i 

"35i 

isl 

Hi 

ill 

« 

-requi 

(jaojj 

,«« 

'-*» 

So-j 

2SS 

SS 

a 

1 

TURNOUTS,   FROGS,   AND   SWITCHES. 


163 


The  tendency  now  is  toward  the  use  of  ^rogs  of  smaller 
angles,  and,  therefore,  larger  values  of  Ny  than  was  the  prac- 
tice some  years  ago.  A  No.  10  frog  on  main  line  is  now 
the  standard  on  many  systems  which  a  few  years  ago  used 
No.  9,  or  even  No.  8  frogs  under  the  same  conditions.  In 
railroad  yards  frogs  of  smaller  numlxir  than  those  required 
on  main  lines  may  be  admissible  in  cases  where  available  space 
is  limits,  but  for  important  terminals  it  is  well  to  make  No. 
9  or  No.  10  the  minimum.  For  minor  yards  Nos.  8,  7i  or 
even  7  may  have  to  be  used  except  where  modem  yard 
engines  of  long  wheel-bases  are  employed. 

174.  Ordinates  from  the  Long  Chord  to  the  Center  and 
Quarter-points  of  Outer  Rail  of  Turnout  may  be  used  in  staking 
out  the  curve  instead  of  using  the  coordinates  referred  to  the 
point  of  switch-rail.  The  length,  c,  of  the  chord  TIM  of  Fig. 
80  having  been  computed  by  (6)  of  Section  167,  these  ordinates 
may  be  computed  by  one  of  the  methods  given  in  Section  83. 
The  table  below  gives  these  values  of  the  ordinates  for  the 
turnouts  corresponding  to  the  frog-numl^ers  given  in  the  tables 
of  the  preceding  section. 


TABLE  OF  ORDINATES  OF  CURVED  RAIL. 


Frog  Number. 

Center. 

Quart(M 

"  Points. 

Feet. 

Inchea. 

Feet. 

Inches. 

4 
5 
6 

0.59 
0.55 
0.50 

7i 
G 

0.44 
0.41 
0.38 

5f 
5 

4J 

7 
8 
9 

0.58 
0.58 
0.50 

7 

01 
6 

0.43 
0.41 
0.38 

5i 
5 

4i 

9i 
10 
11 

0.49 
0.48 
0.55 

5  J 
61 

0.'37. 

0.36 

0.41 

4| 
4| 
4} 

12 
16 
16 

0.52 
0.58 
0.56 

7 
6J 

0.39 
0.43 
0.42 

4i 

18 
20 
24 

0.53 
0.50 
0.44 

61 
0 

51 

0.40 
0.37 
0.33 

4J 
4i 
4 

175.  The  Frog  Tangent,  k. — In  order  to  connect  the  turnout 
curve  with  a  diverging  branch-track,  or  with  a  parallel  siding, 
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a  curve  is  required  beyond  the  frog.  Because  of  the  ease 
with  which  the  required  functions  may  be  computed,  this  curve 
is  frequently  assumed  to  begin  at  the  frog-point,  but  since 
standard  frogs  are  manufactured  with  tangent  lines  from  toe 
to  heel,  this  method  is  incorrect.  The  distortion  is  greater 
with  spring  than  with  rigid  frogs,  because  the  tangent  lines 
of  the  former  are  longer. 

The  P.C.  of  the  curve  beyond  frog  may  begin  at  the  heel 
of  frog,  but  it  is  better  practice  to  continue  the  tangent  Une 
for  a  rail  length  or  more  beyond  the  heel,  especially  if  road 
engines  having  long  wheel-bases  must  use  the  turnout,  as  will 
occur  at  "  Y's  "  and  the  junctions  of  main  and  branch  lines. 
The  distance  from  actual  point  of  frog  to  the  P.C.  is  called 
the  frog-tangent. 


Fig.  83. 


176.  The  Field  Work  for  Locating  a  Turnout  from  Straight 
Main  Line  consists,  after  having  the  frog-point  and  head  block 
located,  of  the  following  steps: 

First  find,  in  Fig.  83, 

QB  =  MB  =  lg  cot  lF-\-p  =  gN+p,        .     .     (221) 

and  measure  this  distance  hack  along  main  rail,  then  set  a 
hub  at  /?,  in  the  center  of  main  track,  on  a  j)erpendicular  to 
main  rail.  Set  the  transit  at  B  and  bring  the  hne  of  sight  into 
the  vertical  plane  which  contains  the  center  line  of  main  track. 
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Deflect  the  aii£^  F  and  meagure  BM=^gN-\-p,  and  set  a  hub 
atj  If  if  desired.  On  this  line  measure  an  additional  distance 
MS  equal  to  the  length  of  the  frog  tangent  selected  (never 
lc8B  thui  the  length  of  frog  from  point  to  heel)  and  set  a  hub 
for  the  P.C,  of  the  curve  SV.  Set  up  at  *S,  backsight  to  B  and 
run  the  curve  SV  in  the  usual  way  when  its  radius  is  known  or 
assumed. 

If  the  tangent  beyond  V  is  fixed  by  reason  of  an  existing 
track,  or  by  other  conditions,  R  must  first  be  found  in  order 
that  the  proper  degree  of  curve  may  be  used. 

176}.  To  Locate  the  Curve  between  S  and  V  of  Fig.  83,  pro- 
duce the  tangent  at  V  to  intersect  the  center  line  of  main  track 
at  A.  Measure  angle  /,  if  this  is  not  already  known;  also 
measure  AB,  Extend  BS  to  intersect  AV  at  C.  In  triangle 
BAC  one  side  and  all  the  angles  are  known,  and  therefore 

But 

SC=RtSinW-F)=BC-(.gN+p+k). 

,.  R-^BC-m+p+kl 

tjini(I-F)  "-      ' 

If  22  is  fixed  by  conditions  on  the  ground,  or  is  assumed, 
equation  (222)  yields  a  value  of  the  frog-tangent,  fc,  in  terms 
of  known  quantities,  and  serves  to  locate  5.  The  F.T.  at  Y 
may  be  set  from  C,  since  CF=/SC  =  72  tan  §(7—/?^,  or  from 
A  by  computing  AC  from  the  triangle  BAC, 

177.  Three-throw  and  Tandem  Switches  should  never  be 
used  when  they  can  possibly  be  avoided,  but  sometimes  limited 
space  or  other  reasons  make  their  use  imperative.  A  three- 
throw  suHtch  is  one  having  two  turnouts,  either  to  the  same 
or  opposite  sides  of  main  track,  operated  from  the  same  switch- 
stand.  If  the  switch  rails  of  one  turnout  clear  the  switch- 
rails  of  the  other,  but  lie  between  them  and  their  frog,  the 
arrangement  has  been  termed  a  tandem  switch.  The  use  of 
either  arrangement  is  especially  objectionable  when  both  turn- 
outs are  to  the  same  side  of  main  track.  In  either  case  a 
third  frog,  called  the  middle  frog^  or  crotch  froQj  must  be  used. 
If  standard  frogs  are  employed,  this  will  introduce  a  short  piece 
of  tangent  at  this  frog  in  both  turnout  curves  and  will  com- 
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plicate  the  computations  for  leads  and  turnout  radii  materially. 
If  many  such  middle  frogs  are  to  be  used  on  a  given  system, 
these  should  be  manufactured  on  the  proper  cur\-es  and  kept 
in  stock.  A  careful  study  of  conditions  will,  however,  gienerally 
lead  to  a  yard  design  in  which  double  turnouts  and  tandem 
switches  are  eliminated. 


Fig.  84. 


178.  Given  the  Equal  Ntunbers,  N^  the  Equal  Switch  Rails, 
8f  of  Either  a  Three-throw  or  Tandem  Switch,  the  Distancei 
d,  between  Points  of  Switches,  Measured  along  Main  Rail, 
to  Find  the  Angle  or  Number  of  the  Crotch  Frog. 

In  Fig.  84  let  the  crotch  frog  be  assumed  to  be  constructed 
on  curved  lines.  OC^O'C  Ls  found  by  (208);  OM  and  (TL 
are  iKjrixjndicular  to  main  rail  and  O'M  and  LE  are  parallel 
thereto.    ET  =  K\V  =  e  is  found  by  (210).    From  the  figuve 

ilfO=A/^+A'0-i?A'=2/e+^-((/-2e)=2(/2+e). 
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In  triangle  0M0\ 

tan  3f 00'=; 


2(R+ey 
and 

00' =2(R+e)  sec  MOCy (223) 

Draw  CN  perpendicular  to  00\ 

cosjr=i^^^, (224) 

The  above  solution  for  the  angle  of  the  crotch  frog  is  for 
tandem .  switches,  but  reduces  to  that  for  a  three-throw  switch 
when  B  and  V  coincide,  which  reduces  MO'  to  zero  and  makes 
00' =0M  =  2(72+6). 

The  switch-rails  are  assumed  to  be  straight  in  above  solution. 

179.  Given  the  Frog  Number,  N^  the  Gauge,  g,  and  Dis- 
tance, c,  between  Center  Lines,  to  Unite  a  Straight  Main  Line 
with  a  Parallel  Siding  or  Spur,  Using  Curves  of  Contrary  Flexure 
Having  an  Intervening  Tangent  of  Known  Length. 

In  Fig.  85  first  locate  the  point  C  by  the  method  of  176. 

From  Fig.  85, 

h='(gN+p+k)smF (225) 

In  Fig.  85  produce  the  curve  LC  backward  to  K  where  its 
tangent  will  be  parallel  to  main  line.  Draw  CT  perpendicular 
to  OK.     Angle  KOC  =  F,  and  KT  =  R  vers  D. 

.'.  e  =  b—R  vers  Fy  and  d  =  c—e.       .     .     (226) 

The  problem  now  reduces  to  that  of  Section  132,  angle  y 
being  given  by  (120),  00'  by  (121),  angle  z  by  (122),  angle  a 
by  (123),  and  distance  x  by  (124). 

Wherever  possible  the  distance  I  should  be  at  least  30  feet 
and  preferably  more.  For  small  distances  between  centers  I 
may  have  to  be  omitted  altogether. 

Example. — Given  i\r  =  10,  D  =  10,  Z=40,  and  c  =  15  feet. 
Required  x  and  angle  a. 

By  (225),         6  =  (4.708X10 +0.42 +40)0.0999  =  8.73  feet. 

By  (226),         6  =  8.73-573.14X0.00499  =  3.86  feet,  and 

d  =  15 -3.86  =  11.14  feet. 

40 
By  (120),  tan  2/ =  .^^^^^=0.0349  =  tan  2°  0'. 
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By  (121),    OO'  =  \/(2X573.14)2+402  =  1146.97  feet. 

By  (122),  cos  2=  (^ -2x573^4)  X 0.99985 =0.98986  = 

=cos  8°  10'. 
By  (123),        a =8°  10'-2°  0'=6°  10'. 


X 


Fig.  85. 


From  Fig.  85,  angle  COL  =  6°  10' -5°  43'  29"  =  0°  26'  31". 
By  (124),        x=  1146.97X0.14205  =  162.93  feet. 

180.  For  the' Data  Given  in  179  to  Determine  the  Quantities 
Necessary  to  Unite  the  Parallel  Tracks  when  the  Frog  Tan- 
gent is  Continued  to  the  P.C.  of  the  Side  Track  Curve. 

In  Fig.  86  /J  or  fc  may  be  given  or  assumed,  or  the  point  E 
may  be  fixed  by  conditions  on  the  ground.  Suppose  R  known. 
In  triangle  AHL  we  have 


whence 


AH^LH  cosec  F^  or  gN-\-p-\-k-\-CH=^c  cosec  F, 
^'  =  ccosec/^— (^AT+p 4-72  tan  JF).    .    .    .    (227) 
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If  X:  is  given  or  assumed,  formula  (227)  yields 


1G9 


/2  =  [ecosecF-{^Ar+p4-fc)]cotan  JF.    .     .     (228) 

If  ^  is  fixed  in  position,  AB  must  be  determined  by  measure- 
ments in  the  field,  and  AL=c  cotan  F  found  from  the  triangle 
AHL.    Then 

CH^HE  =  LB=AB-AL  =  AH-{gN+V-^^)=^^^ri\F, 

:.  R  =  CH  cotan  \F  =  [c  cosec  F-{gN+p+k)]  cotan  IF.     (229) 

The  points  C  and  E  and  the  mid-point  of  curve,  on  the  radial 
line  through  //,  may  be  conveniently  located  by  rectangular 


Fia.  86. 


coordinates  which  have  a  point  on  the  center  line  of  main 
track  opposite  G  for  origin.  For  the  notation  shown  in  the 
figure  we  have 

xi  =  (p+fc)  cosF;        yi  =  {gN-\-p+k)  sin  F  =  c—R  vers  F 
xt=={p-{-k+CH)  cos  F;        y2  =  c-R  vers  IF  (230) 

Xt  =  ipXk)cosF+RsmF;  y3  =  c 

181.  To  Lay  Out  a  "Ladder  Track." — At- terminals,  or 
stations  where  large  numbers  of  cars  have  to  be  accommodated 
at  one  time,  the  yards  may  consist  of  a  number  of  parallel 
tracks  which  are  connected  with  the  main  hne  and  with  each 
other  by  means  of  a  ladder  track,  such  as  is  indicated  in  part 
by  Fig.  87,  by  extending  the  frog  tangent  and  locating  turn- 
outs to  the  parallel  storage  or  sorting  tracks.     The  track  from 
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which  the  ladder  leads  is  called  the  driU  track  and  the  parallel 
tracks  which  the  ladder  connects  with  it  are  called  the  body 
tracks.  A  number  of  arrangements  may  be  made  of  which 
the  simplest  is  where  there  is  one  frog  on  the  ladder  for  each 
body  track,  as  indicated  in  Fig.  87. 


Fia.  87. 


The  frog-number,  iV,  and  the  distance,  p,  between  the  body 
tracks  must  be  known.  The  distances  BC  =  CE  and  BK=CL 
are  to  be  determined.     From  the  figure 

BC  =  p  cosecF, (231) 

BK  =  BC-KC  =  pcosecF-L,      .    .    .     (232) 

If  desired,  the  ladder  track  may  make  an  angle  equal  to 
2F  with  the  drill  track,  in  which  case  the  first  of  the  body 
tracks  is  led  off  of  the  drill  track  as  an  independent  turnout, 
which,  in  the  figure,  would  be  to  the  right  of  B,  while  the 
eecond  body  track  would  lead  off  from  the  first  turnout  from 
the  ladder.  That  is  to  say,  this  first  turnout  would  end  in 
body  track  No.  3  and  would  serve  as  a  ladder  for  No.  2.  Th^re 
would  then  be  only  one  frog  in  the  ladder  for  two  body  tracks. 

Fig.  88  illustrates  the  arrangement  in  outline. 

If  the  ladder  track  makes  an  angle  equal  to  SF  with  the 
drill  track,  there  will  be  only  one  frog  in  it  for  three  body 
tracks  %nd  the  first  and  second  body  tracks  will  lead  off  of 
a  two-track  ladder  to  the  right  of  B  of  Fig.  87.  The  first  turn* 
out  frog  in  the  ladder  proper  will  lead  to  body  tracks  3  and  4^ 
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while  the  second  and  subsequent  turnout  frogs  will  each  lead 
to  three  body  tracks.  Fig.  89  shows  the  arrangement  in  outline. 
Still  other  conditions  as  to  the  angle  which  the  ladder  proper 
shall  make  with  the  drill  track  may  be  imposed.  It  may  be 
that  this  angle  must  be  greater  than  F,  but  less  than  2F,  or 
it  may  be  greater  than  2F,  but  less  than  3F.  Again,  it  may 
be  required  that  the  frogs  may  be  the  minimum  permissible 
distance  apart,  or  yet  other  conditions  may  be  imposed.  In 
each  case  the  frog-angles  or  numbers  and  the  distances  between 
centers  of  body  tracks  must  be  known,  together  with  any 
other  data  which  the  conditions  imposed  require.    Detailed 


Drill  Track- 


Fia.  88. 


solutions  for  such  cases,  as  also  for  the  ladder  angle  equal  to 
2F  and  3F,  will  not  be  given  here.  No  special  difficulty  is  in- 
volved in  the  determination  of  the  data  necessary  in  order  to 
locate  the  frog-points. 


B.     turnouts  from  Curves 

189.  The  Degree  of  Turnout  to  Curved  Main  Track  may  be 
taken  as  equal  to  the  sum  or  difference  of  the  degree  of  main 
curve  and  that  of  a  turnout  from  straight  main  track  where  the 
same  niunber  of  frog  is  used,  according  as  the  turnout  is  to 
the  inside  or  to  the  outside  of  the  curved  main  track.  This 
is  not  strictly  true,  but  is  near  enough  for  all  practical  purposes. 

In  Article  15  it  will  be  shown  that  if  the  outer  rail  of  the 
turnout  curve  is  assumed  to  be  tangent  to  the  frog  at  the 
theoretical  frog-point,  and  to  the  main-line  rail  at  the  theo- 
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retical  switch-point  (that  is,  both  frog  and  switch-rail  assumed 
to  be  curved),  the  above  assumption  as  to  the  degree  of  the 
turnout  is  very  nearly  true,  that  is: 
For  turnout  to  inside  of  main  curve, 

D2  =  Di-fD, (233) 

For  turnout  to  outside  of  main  curve, 

A  =  A-A (234) 

D  is  the  degree  of  main  curve,  Di  the  degree  of  turnout  from 
straight  main  track,  and  D2  the  degree  of  turnout  from  the 
curve. 

In  Article  15  it  is  also  shown  that  the  leads  may  be  taken 
the  same  as  for  turnouts  from  straight  main  track  without 
involving  any  material  error. 

183.  For  Turnout  to  Inside  of.  Curved  Main  Track,  Given 
R^  the  Radius  of  Main  Track,  i^i,  the  Radius  of  a  Curve  to 
Connect  the  Main  Track  and  a  Branch  Line,  the  Point  of  Inter- 
section of  Main  Line  and  Branch  and  the  Angle,  /,  between 
the  Branch  and  the  Tangent  to  Main  Curve  at  the  Intersection, 
Required  the  Data  Needed  to  Locate  the  Frog  from  this  Inter- 
section Point. 

Fig.  90  shows  the  notation  which  will  be  used  for  this  case. 

Through  the  theoretical  frog-point  draw  HO{  =  R)  p&tpen- 
dicular  to  main  line  side  of  frog,  and  NQ  perpendicular  to  its 
turnout  side  to  meet  a  line  from  0  at  right  angles  to  NQ.  From 
W,  the  end  of  frcg  tangent,  draw  WV  parallel  to  NQ,  N0  = 
R-^g  and  angle  QNO  =  F. 

:.  QN  =  (R-]g)  cos  F,  and  QO  =  {R- \g)  sin  F. 

Also,  since  Oi  is  the  center  of  turnout  curve  having  the  radius 
i^i,  OiV  =  {R-hg)  cos  F-Ru  and  OV  =  {R-^g)  sin  F-ip+k). 
In  triangle  OVOi 

. OiV_     (R-jg)  cos  F-R,  ,__., 

^^''''-  OV~{R-iy)  si:i  F-(p+ky     '     *     ^^'^^^ 

and  OOi  =0V  sec  a  =  [(R  —  lg)  sin  F—(p-\-k)]sec  a. 

Draw  OJ  perpendicular  to  OiE.  Then  OiJ  =  /?i  — /2cos /, 
and 

•    h-^^= Ri—RcosI .^  ^. 

^^°"00i    l(R-W^iriF-{p+k)]8eca       "     ^^^^ 
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From  the  figure. 

Z'-a+b+(90''-l)-m°-F)=a+b+F-I,    .    (237) 
I/  =  18O°-[(9O''-a)+(90'-6)l-a+6.     .    .    .     (238) 


From  A  aicantte  the  arr  j1//=anglc  x  divided  liy  D,  in 
chaiiM,  imd  net  //  opixisilp  thu  Ihuorcticul  trog-point.  E  is 
Inratcd  from  A  liy  meiwuring 


■  AE  -  AC,  -  FA!  ^  It  fin  /-(fii-ncos/)  cot  6    , 


(239) 


The  curve  EW  is  now  run 

from  B,  which  \a  at  u  diKtHn 

to  the  main-line  curve  at.//,  a 

Should  the  main-line  <'iirvi 


1   the  usual  way.     H'  \n  located 
V  gN  iNick  uf  //  oil  the  tangent 

indJRilcd  in  lh<'  fipire. 

Yiam  to  lanKent  l>etwcen  //  and 


A  of  Fig.  90,  it  may  l>e  continued  on  the  ground  until  it  int«r- 
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sects  the  tangent  GA  at  Aj  where  the  angle  /  is  measured,  after 
which  the  problem  becomes  the  same  as  above.  If  preferred 
the  distance  may  be  measured  from  the  P.T.  of  main  line  curve 
'to  the  point  where  GE  produced  meets  the  main  line,  after 
which  a  perpendicular  to  GE  produced  is  let  fall  upon  a  line 
through  the  P.T.  of  main-line  curve  parallel  to  GE  produced. 
The  distance  from  the  P.T.  to  A  is  then  measured.  All  the 
angles  of  the  right-angled  triangle,  formed  as  above,  and  one 
side  now  become  known,  and  the  other  two  sides  may  be  com- 
puted, after  which  the  problem  will  be  solved  as  before. 

Example. — Given  a  1°30'  main-line  curve,  7=80%  A;  =40 
feet,  and  N  =  \0.  Required  angles  x  and  y  and  the  distance 
AE  for  an  8°  connecting  curve. 

R    ^2^*;^  (3819.83-2.35)  X  0.99502  -716.34 

15y  iJdS;,  tan  a     (3319  §3  _2.35)  x 0.09976-  (0.42 -h40.0) 

3082.13  ^8^7gQ4i  ^^^^  830  29/, 


By  (236),  sin  6  = 


340.41 

716.34-3819.83  XO.17365       53.10 


340.41X8.85628  3014.77 

=0.01761=  sin  1°  1'. 
By  (237),         a:=83°29'+n'H-5°43i'-80°0'  =  10M3§', 

which  calls  for  681.7  feet  from  TT  to  ^  on  main-line  curve. 

By  (238),  2/  =  a+6=84°30',  corresponding  to  1056.25  feet 
around  the  8°  cur\'e. 

By  (239),  A^  =  38.1983X0.98481-53.10X56.3506  =  769.2  ft. 

184.  For  the  Same  Data  Given  in  183  to  Locate  the  Frog 
and  Run  the  Connecting  Curve  when  the  Turnout  is  to  Out- 
side of  Curved  Main  Line. 

Let  the  notation  and  the  construction  lines  be  as  shown  in 
Fig.  91. 

In  triangle  LOH^  LO{  =  R-\-\g)  is  perpendicular  to  main 
side  of  frog,  LH  is  perpendicular  to  turnout  side  and  OH  is 
parallel  thereto.    From  the  figure, 

OH=OL  sin  0L^  =  (ie+J(7)  sin  F,       ...     (a) 

HL^OL  cos  OLH  =  (R+ig)coaF,      ...    (6) 
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In  triangle  OOiQ  (OiQ  parallel  to  LH), 

OQ^(R-hig)  sin  F+{p+k), 
OiQ  =  (Ri-\-ig)-hiR+ig)  coa  F, 


(c) 

(d) 
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^**-0Q"   {R+lg)sinF-^{p-^k')'    *    *     ^^^ 
OOi  =  V?>g2  ^loj^i  =  (x^  sec  a  =  OiQ  cosec  a.  (241) 
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Produce  the  tangent  SE  through  A,  where  it  mtersects  the 
center  Ime  of  main  curve,  to  G,  the  foot  of  a  perpendicular 
from  O,    In  triangle  AOG, 

OG  =  R  COB  I J    and    AG =R  sin  I^ 

where  /  is  the  measured  angle  between  EA  and  the  tangent 
to  main  curve  at  A.  Draw  OJ  parallel  to  GA  to  meet  OiE 
produced. 

OiJ-^Ri+RcosIy 

,                                    .    ,     Ri+RcosI  ,_._. 

and  sm6= ^^ ,        ....     (242) 

also  AE=0J-GA^00iCO3h-RsmI.       .     .  (243) 

From  the  figure, 

x=6-(90-/)-[a-(90-/?')]=6-f/-/^-(i,     .  (244) 

2/==(90-6)-(90-a)=a-6 (245) 

The  field  work  will  now  be  the  same  as  for  183. 

Example. — Find  arc  AL  and  also  that  from  end  of  frog- 
tangent  to  E  for  turnout  curve  when  the  turnout  is  to  out- 
side of  a  3°  curve,  angle  7=30  degrees  and  a  No.  10  frog,  the 
joining  curve  of  turnout  beyond  end  of  frog  tangent  to  be 
S  degrees,  and  the  frog-tangent  to  be  40  feet  long. 

R    (24Q)  ^  (716.34+2.35)  -f  (1910.08+2.35)  XO.99502 

ay  uw;,  tan  a       (i9io.08+2.35)  X  0.09976 +  (0.42 +40) 

=^^  =  11.3391  =tan  84**  57J'. 

*  •  •        • 

By  (241),    00,=231.2X11.3823=2631.6. 

By  (242),  ,i^fe^716.34+1910.08x0.86603^pg^^3 

ZDol.D 

=sin64°16'. 
By  (243),    -4^  =  2631.6X0.4342-1910.08X0.5  =  187.6  feet. 
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By  (244),        a;=64M6'+30**0'-5**43i'-84^57i'==3°35'. 
By  (245),         2/^84** 57i'-64**  16'=20°41i'. 

Then  the  arc  AE  will  equal  3°  35'  divided  by  3°  =  1.194 
stations  =  119.4  feet  on  main  line  curve,  and  the  arc  which 
covers  y  on  turnout  curve  is  equal  to  20**  41  J'  divided  by  8° 
=2.5865  stations,  equal  to  258.65  feet. 

Article  15.    Turnout  Formulas  for  Curved  Switch-rails 

AND  Frogs. 

185.  The  treatment  of  Frogs  and  Switches  given  in  Article 
14  should  be  followed  as  a  general  rule,  as  agreeing  with  the 
practice  where  switch-rails  and  frogs  are  constructed  on  tangert 
lines.  Both  switch-rails  and  frogs  may  be  built  on  curved 
lines,  however,  and  even  if  straight,  the  assumption  that  the 
turnout  curve  is  tangent  to  the  main  rail  at  the  theoretical 
switch-point,  and  to  the  frog  at  the  theoretical  frog-point,  lead 
to  so  much  simpler  formulas  that  for  many  cases  they  may 
be  used  with  sufficient  precision  to  meet  existing  conditions. 

A,     Turnouts  from  Straight  Line, 

186.  Given  N  and  g  to  find  I  and  R,  or  D,  for  Turnout  from 
Straight  Main  Track. 
In  Fig.  92,  AB  bisects  angle  EBC(^F), 

.-.  CB  =  g  cot  iF,    or    l=2gN,    ....     (246) 

From  triangle  OBC,  (R+igy-(R-hgy=l^  =  (2gN)K 

/.  R==2gN^  =  lN,       (247) 

Writing  5730  divided  by  D  for  R  in  (247),  we  get, 

^=|S •    -X-    (248) 

For  standard  gauge  track  ((7  =  4'  8 J")  these  formulas  become, 
'.=9.42Ar  feet;  ft=9.42Ar«  feet,  and  D=608+Ar*  degrees. 
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For  the  distance  from  theoretical  switch-point  to  theoretical 
frog-point  we  have 

Frog-distance  (f.d.)  =  V¥+g^ = gV^N^+l\= g  cosec  F.    (249) 


FiQ.  92. 

187.  To  Find  the  Theoretical  Length  of  Switch-rail,  9,  for  a 
Given  Throw,  t. 

In  practice  both  switch-rails  are  made  the  same  length, 
so  in  Fig.  92  assimie  il/f  =  CL= distance  from  N  back  to  head- 
block  on  center  line  of  both  tracks.  .Also  assume  GH=KL 
—  NM=i.  From  the  right  triangle  formed  by  joining  0  and 
My  and  taking  the  length  of  tangent  from  head-block  to  M 
as  equal  to  the  arc  between  head-block  and  iV,  and  caUing 
this  length  s,  we  have  by  geometry, 


from  which 


{2R-\-t)Xi-^8\ 


Neglecting  i  in  the  denominator  as  small  in  comparison  with 
2K,  and  solving  for  s,  we  get 


8  =  V2Rt=2NVgt, 


(250) 


By  writing  /2=5730-j-D  in  (250)  and  reducing,  there  results 


«  =  107  >/^-rZ>. 


(251) 
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188.  Given  the  Main  Frog-number,  If,  to  Find  the  Num- 
ber, Ni ,  and  Lead,  ^i ,  of  Crotch-frog  for  a  Turnout  from  Both 
Sides  of  Straight  Main  Track. 

In  triangle   OCH,   Fig.   93.  re- 
membering tbat  i2  =  2gN^, 


cos  ^Fi  = 


li 


4iV« 


,.  (252) 


Then,  by  (205), 

i^i  =  1  cot  IFi.  .     .     .  (253)     T    jhI  _77^"^:^^CX^1 
From  the  figure  and  (206),  — =*= — ^ 

/.  =iJtanl/^.=  —  .=5r_;  (254) 


2Ny    ^-y, 


also. 


li  =  Vi^i+jg)'-  2i*  =  V^g  +  ig* 

=  g  i/2N^-\-i,  ....    (255) 


Equating  these  values  of  li  and  solving  for  JV^i  gives 


N^  = 


jvra 


V2N^  +  i 


(266) 


If  the  \  in  denominator  be  neglected  as  small  compared  with 
2A'2,  (256)  becomes 

-^1  =  -^=  0.707JV: (267) 

|/2  ^ 

If  in  (255)  we  neglect  the  }  under  radical,  there  results 

^1  =i^iVi/2  =  1.414i^iV^=  0.707/.    .    .    .     (268) 

The  distance  between  main  and  crotch  frogs  measured  along 
main  rail  is 


l-'l^=2gN^gi^2N'+h  .    .    .    .    (269) 
or,  approximately, 

i  -  /.  =  2gN  -  lAUgN  -^  0.58QgN  =  0.293/.    .     (2«0) 


TURNOUTS,    PROGS,    AND   SWITCHES. 


181 


189.  To  Find  the  Radi  s,  R,  of  Turnout  and  Lead,  U ,  of 
Crotch-frog  in  Terms  of  the  Crotch-frog  Number,  Ni . 


From  (257), 


m  =  2Ni\ 


Insert  this  in  (247)  and  (254),  giving 

R  =  2g  .  2iVi2  =  4gNi\  . 


.     (261) 
.     (262) 


Kemjirk. — ^In  general  the  frogs  kept  in  stock  by  manufacturers 
do  not  afford  suitable  combinations  of  numbers  for  double  turn- 
outs. For  instance,  the  theoretical  number  of  crotch-frog  for  a 
number  8  main  frog  is,  by  (256)  or  (257),  Ni  =  5.66,  and  we  should 
be  compelled  to  use  a  number  5f  or  6  for  the  crotch-frog;  this 
would  necessitate  a  different  rate  of  curvature  from  crotch  to 
main  frog  than  from  bead-block  lo  crotch. 

190.  Given  the  Numbers  of  Middle  Frog,  Ni ,  and  of  Main 
Progs,  iV^  and  i^',  to  Find  the  Radii  /f,  from  Point  of  Switch 
to  Orotch-frog,  and  R  and  R!,  from  Crotch  to  Main  Frogs. 

In  Fig.  94  we  have,  by  (261), 

OiN  =R,  =  AgN,\ 
and,  by  (262), 

NG=U=  2gN„ 
Now  if  F, ,  F,  and  F'  arc  the  an- 


V 


■^ 


1^,     g     gles  of  tbe  frogs  Nx ,  N,  and  N'y 


Kl 


i     the  angle 


con=F-  \Fx, 


and 


CnO=F-\{F^^Fx)  =  l(F-{-  iFi). 

Since  CO  =  Ig,  the  triangle  GEO 
yields 

On=  ig  cot  i{J^  +  ^Ft). 

But,  by  trigonometry, 


(263) 


cot  (^F+  iF.)  _  --_p^-_^^. 
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Assume  tan  ^Fi  =  }  tan  ^Fi ,  and  write 

and  after  simplifying  and  reducing, 

2gNN-,     _  9 

The  last  terra  is  quite  small,  rarely  amounting  to  as  much  as 
one  inch,  and  may  be  neglected  ;  then 

2gNN,     _       hN      _       IN,  .^^. 

"^         ^N.-^-N"  2N,-\-N-  ^N.-^-If'    '    ^'^^^ 

From  the  triangles  LCO  and  KHO, 

(R -{■  Ig)  cos  iF,  ^  (li  +  Iff)  cos  F  =^  yr 


whence 


li+lff  -  2^eos  i^',  -  cos  F) 


(266) 


In  like  manner  for  the  curve  CEy 


ME  =  Iff  cot  UF'  +  IF,)  =  -^^^'^.    .     .    (367) 

l^-\-\9  =  K, rip-- jTv      •     •     •    (268) 

*        2(cos  {Fx  —  cos  p  )  ^      ' 

Example.— Given  iV^,  =  6,  iV  =  8,  and  N'  =  9,  to  find  the  lead 
li,  the  distances  Gil  and  ME,  and  radii  /?,  /?i ,  and  Ii\g  being 
4.75  ft. 

By  (261),    i?,  =  19  X  6'  =  684  ft.,  an  8*  2^  curve. 

By  (262),      ;,  =  9.5  X  6  =  57  ft. 

By  (265).  6IT  =  — jg^g  ^  =  22.8  ft 
By  (267),  ME  =  24.4  feet. 
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By  (366)      R  = 


8  10"  28  curve. 


By  (208),   R'  = 
a  6°  321  curve. 


4.75 


2(cos  4°  46'  -  cos  7"  9 ) 


-  -  2.38  =  547.4  ft., 


4.75 


2(co8  4*'  46'  -  cos  6**  22 ) 


-^  2.38  =  876.4  ft. 


191.  Given  the  Number,  N,  of  the  Two  Main  Frogs  and  the 
Gauge,  ^,  to  find  the  Orotch-frog  Number,  JV^i ,  its  Lead,  ^i  ,  and 
the  Radius,  Bi ,  of  Curve  through  Crotch  when  the  Double 
Turnout  is  to  Same  Side  of  Straight  Main  Track. 

In  Fig.  95  tbe  frogs  at  B  and  O  are  of  the  same  number,  and 
may  be  taken  as  falling  on  tbe  same  straight  liue  through  the 
center  0.  Angle  OiOO  =  90*  —  OOL  =  F,  and  the  triangle 
OOiG  is  therefore  isosceles;  hence 

OxQ  =  OiO  =  OA-  0,0  =  \0A, 


or 
whence 


R^  +  \9=\{Ii+\9). 


-B.  =  l^-1^. 


(269) 


Now,  by  the  same  reasoning  as  in  167,  2gNj!^  =  ijj,  whence 


3r.  =  1/^=4/^-1 

V    2y       ^    Ag      8'     '     ' 


(n^) 
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Neglecting  the  J  under  radical  and  writing  B  =  2gN*  gives 

i^,  =  — .  =  .707i\r, (271) 

V2 

nhicli  is  identical  willi  (222)  for  turnouts  to  opposite  sides.    For 
^Cand  EB,  as  in  167.  li  =  2gNi  and  I  =  2^'^^.     Hence 

CB=^l^U=  MN-  N,),    ;     .    .    .    (272) 

Example.  —  Find  Nu  i?i,  and  l  —  li  where  iV=9  and 
g  =  4.75  ft. 

By  (247),      R    =  9.5  X  81 --=  769.5  ft.  a  7*' 27' curve. 

By  (269),     Ri  =  384.75  -  1.19  =  383.56  ft ,  a  14"  56'  curve. 

By  (271),     Nx  =  .707  X  9  =  6.36. 

By  (27J),      GB  -I-  Ix  =^.^X  2.64  =  25.08  ft. 

Remark. — It  may  now  he  seen  that  the  proper  comhination  of 
frogs  for  a  douhle  turnout  to  opposite  sides  applies  also  where 
the  turnouts  are  to  same  side  of  straight  main  line.  Also  they 
apply  to  turnouts  from  opposite  sides  of  curved  main  line  when  its 
radius  is  not  less  than  that  required  by  main  frog  for  straight 
track. 

192.  Given  the  Number  of  Main  Frogs,  N,  and  of  Crotch* 
frog,  N\ ,  to  Find  the  Radius  of  Curve  between  Frog-points  ol 
a  Double  Turnout  to  Same  Side  of  Straight  Track. 

A 


In  Fig.  96,  OiO  z=z  Ri  +  {g^  and  the  chord  CO  must  be  detei> 
mined.  The  frogs  at  B  and  O  being  of  the  same  number* 
OtOO  =  QOOx  =  i?*  and  COxE  =  F,. 
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Draw  6^^  perpendicular  to  EB\  then  in  tiiangle  BOH 

OH  =  g  cos  F. 

Draw  O^L  perpendicular  and  OK  parallel  to  EB ;  from  tri- 
angles O^OKvJiiX  OiCLy 

l^i  +  ifl'Xcos  -^1  -  cos  2F)  =  KL  =  OH  =  g  cos  F, 

g  cos  F 


whence 


B:,  +  ig  = 


•    •     •     • 


(273) 


cmFi  -  cos2F 
From  triangle  dCO,  since  CO^O  =  2F  -  Fi, 

CO  =  2{B^  +  iff)  sin  i{2F  -  Fi).  .    .     .     (274) 

Example.— Given  iV  =  8,  i^Ti  =6,  and  g  =  4.75,  to  locate  the 
turnout. 

By  (247),  B  =  608  ft. ;  Bi  =  342  ft. 

By  (273),  B,  +  ig  =  274.5  ft. 

By  (274),  CO  =  22.8  ft. 

193.  Given  the  Frog-number,  N,  the  Gauge,  ^,' and  Distance, 
p,  between  Centers,  to  Unite  Main  Line  with  a  Parallel  Siding 
when  the  Reversing-point  is  at  Frog-point. 

O 


In  Fig.  97,  BOi  =  Bi  —  ig  and  BE  are  required. 
In   triangle -BO,  £^,  BO,  =  /?,  -  ig»  EG,  =  B^  +  ig-^p,  and 
angle  BO^E  =  F,    By  trigonometry. 
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(ig|  -  jg)  +  (Jg.  -hlg-p)  ^  tan  t(180°  -  F) 
(Hi  -  ig)  -  (i2i  +  li^  -  ;>)  tan  li?* 

2^^p^cotiJ^ 
p  -  5^        tan  iZ^ 

whence  -Bi  -  2{p  -  g)N*  +  ip, (275) 

BE  =  (Ri  "  ig)  sia  F, (276) 

BS        I 
From  the  similar  triangles  ABQ  and  BCE,  =  -/from 

p-g     g 

which 

BE=^^^=(?^iy    ....    (277) 

Example.— Find  Ri  and  BE  when  N=8,  p  =  12.35  ft., 
^  =  4.75  ft. 

By  (275),     El  =  15.2  X  64  +  6.2  =  979  ft.,  a  5*  51'  curve. 

By  (246),        i  =  9.5  X  8  =  76  ft. 

By  (277),    BE  =  (2.6  -  1)  X  76  =  121.6  ft. 

Remark. — If  space  requires  that  the  turnout  get  away  from 
main  line  more  rapidly  than  by  the  above  method,  we  can  assume 
the  second  radius  equal  to  or  less  than  the  radius  of  turnout  and 
find  the  reversing- point  by  131,  and  then  compute  BE, 

B.    Turnouts  from  Curves. 

194.  Given  the  Radius  of  Main  Curve,  the  Frog-number, 
and  the  Gauge,  to  Find  the  Radius  and  Lead  of  Turnout  from 
Concave  Side  of  Main  Line. 

In  Fig.  98,  AB  is  the  outer  rail  of  turnout,  CB  ihe  inner  rail  of 
main  track.     In  triangle  OAB,  since  O^BA  =  OAB, 

OBA  -  OAB=  F, 
OBA  -\-  OAB  =  180''  -  e, 
and     OA  =  i?  4-  ig,  OB  =  R  -  \g. 


wmNOirrs,  frocs^  and  switches. 

Then,  by  trigonometry, 

{B+  \9)  +  {B-  jg)  _  tan  i(180  -  B)       cot  jQ 
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Reducing,      cot 


=  —  tan  4F  =  -jr-^ 

g       ^       gJsr 


(278) 


Then 


;  =  5(7  =  2(5  -  15')  sin  iO.      .    .    .    (279) 


If  the  length  of  AB  is  wanted,  we  can  show  that  the  angle 
ABG=\F\  and  by  solving  the  triangle  ABC,  since  ACB  = 


j^^_  9  cos  \B 


sinJF 


(280) 


To  find  i?j ,  from  triangle  O^AB, 


'  I 


2{B,  +  ig)  sin  i(F+  G)  =  ^5. 


(281) 


Or,  in  triangle  BO^C, 


(B,  4-  ig)  -h  (/?.  -  jg)  _  tan  i[180  -  (2^+ Q)]  _  cot  ^F-^  6) 
(iJ,  +  fer)  -  (5,  -  1^)  tanli^  "~       tan  IF     • 
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Reduciug  and  solving  for  7?a, 

•        2* — tan7F~      2  *    ^     ^^    "^  ^*  •    ^    ^ 

But,  from  tngouometry 

Substitute  this  in  (282)  and  write 

cot  \F  =  2iV;    tan  iF  =  ~,     tan  J©  =  ?^, 


and  reduce ;  then 


_  2gmH  -  i9)  .,-„. 


For  2gN*  write  i?i,  the  radius  of  turnout  from  straight  track; 
and  neglect  the  Ig  in  numerator  as  small  compared  with  /?;  then 

^^  =  b  +  m; (^) 

Now  write 


5730      J,         6730       „        5730 


and  reduce,  yielding 

Di  =  D  +  Dx (285) 

Formula  (285)  affords  an  easy  method  of  finding  the  degree  of 
turnout  curve,  or,  if  preferred,  the  radius  may  be  first  found  by 
(284). 

Driiw  OE  to  the  mid-point  of  CB  ;  OEdocB  not  differ  greatly 
from  OB  or  OC ;  so,  if  we  write  OE  =  B  —  Ig,  there  results 


i  =  2(B-ig)i8LniB  =  2(B-^igf^  =  2gN-^^,    (286) 


The  last  term  is  quite  small,   even  in  the  most  extreme 
likely  to  arise  in  practice  y  for  a  turnout  from  a  6*  curve  with 
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Dumber  8  frog  it  amouDts  to  ouly  2\  inches ;  neglectlDg  it.  we 
may  write,  as  for  straight  main  track, 


I  =  ^gN. 


(287) 


Example. — Turnout  from  inside  of  a  4"  curve,  N=  S,  g  = 
4.76  ft 

By  (247).    lii  =  9.5  X  64  =  608  ft.,  a  9°  26'  curve. 

By.  (285),   2>a  =  4°  +  9''  26'  =  13°  26',  for  which  R^  =  426.8. 

By  (287),       I  =  76  ft. 

19je  Given  the  Frog-number,  the  Gauge  and  Radius  of  Main 
Ourve,  to  Find  the  Lead  and  Radius  (or  Degree)  of  Turnout 
from  Convex  Side  of  Main  Line. 

In  triangle  AOB  of  Fig.  99,  ^  +  J5  =  180*»  -  0, 

^  -  5  =  (180**  -  OiAB)  -(180**  -0,J54  -- F)  =  F, 


Fig.  99. 


By  trigonometry, 

(-R  +  ig)  -hiR-  hg)      tan  §  (180  -  0) 


or 


whence 


2R  _  cot|g 
9 

cot  id 


tan  iF 


tan  '^F 

—  tan  ^F  =  -^.. 
9  9^ 


.     (288) 
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From  triangle  0GB, 

1=  CB-=2iR-{'  Ig)  sin  Jd (C89) 

Assuming  OE  —  R+  ig, 

l  =  2{R-{'lg)  tan  Jd 

^ii  +  ig).^=^g^+^- P90) 

Neglecting  the  last  term,  as  in  194, 

I  =  2g]^, (291) 

which  is  the  same  as  (246). 
In  triangle  CO2B,  0,  =  F  -  6. 

.',  tan  iOj  =  tan  (JF-  i0). 

"We  may  now  follow  the  same  line  of  reasoning  by  which  (284) 
was  derived,  or  more  simply  by  assuming  the  tangent  of  the 
difference  of  two  small  angles  equal  to  the  difference  of  their 
tangents;  that  is,  tan  \0i  =  tan  ^F  —  tan  |6. 

Now  it  can  be  easily  shown  that  tan  ^Oa  =  ^  ;  therefore 

gN__  ^_gji 
B^~2N      R* 

,  1  _     1         1  _  1        1 

wnence  „________._  ^, 

from  which  i?,  =   J^^' (292) 

jK  —  Ji\ 

x^  X.    f>        5730    _        5730    „       5780        ,      ,      .      r. 
Write  Hi  =  -yr-,  Bi  =  -=r-,  R  =  —=r^ ,  and  solve  for  2>,. 

D^  =  Dx  -  D, (293) 

in  which  Dx  is  the  degree  of  turnout  from  straight  track. 

Example. — Turnout  from  outside  of  a  4"  curve,  JV  =  8, 
g  =  4.75. 

By  (247),     Rx  =  9.5  X  64  =  608  ft.,  a  9*'  2G'  curve. 

By  (293),     2>a  =  9"  26'  -  4°  =  5'  26',  for  which  R  =  1054.9. 

By  (291),        Z  =  9.5  X  8  =  76  ft. 

From  (288)  we  have,  by  inverting. 
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and,  by  (289), 


I  =  2870  X  sin  !*»  31'  =  75.97  ft., 


a  difference  of  only  0.03  ft.  from  the  value  given  by  (291). 

196.  Given  the  Distance  p  between  Center  Lines  of  Curved 
Main  lane  and  Side  Track,  the  Frog-angle,  ^  (or  Number,  N), 
and  Gauge,  g^  to  Find  the  Radius  and  Central  Angle  of  Curve 
beyond  Frog-point. 

First  Case. — Turnout  from  outside  of  main  line. 

In  Fig.  100,  0  is  the  center  of  main  curve,  Oi  the  center  of 


curve  whose  radius  is  required.     In  triangle  BOG, 

C0  =  R  +  p-ig,    BO==R-\-\g. 


By  the  same  reasoning  as  in  194, 

22?  4- P 


cot  J  0  = 


tan  \F  = 


2R-\-p 


.  •  *     * 


(294) 


p-  g         '         2N{p  -  g) 
in  triangle  OOiB,  OxB  =  Ri  —  y;  then,  by  the  law  of  sines, 

(295) 


^i-y  =  „T.T^^^^^«  +  iff)' 


s\n{F+  0) 
Also,  BE  =  2iR  +  ig)  sin  ^0 (296) 
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Second  Case. — Turnout  from  inside  of  main  track. 


Fio.  101. 
In  Fig.  101,  we  have  from  triangle  BOE,  reasoning  as  in  196, 

cot  \e  = tan  hF  =  ^.,tt — ~r.    .     .     .     (297) 


P-  9 
and  from  triaugle  OBOi, 


2JV{p  -  g) 


^^-*^=sW^)<^-^^)- 


(298) 


Also,         5(7  =  2(7?  -  i^)  sin  iO, (290) 

and  BE  =  2(7?,  -  Ig)  sin  \(F  -  B) (330) 

When  0  is  greater  than  F,  sin  {F  —  0)  is  negative,  and  center 
Oi  falls  on  same  side  as  0,  and 
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»m6 


i^  -  ig), 


sin  (6  -  F) 
BE  =  2(/?i  4-  \9)  sin  i{0  -  F). 
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(301) 
(302) 


C.     The  Stub  Lead. 

197.  When  the  frog-number  exceeds  seven,  the  length  of 
switch-rail  required  to  give  the  necessary  clearance  at  heel  be- 
comes greater  than  is  allowed  in  practice.  To  overcome  this 
difficulty  slightly  more  curvature  is  given  the  switch -rail;  more- 
over the  physical  point  of  switch  is  necessarily  some  distance  in 
advance  of  the  theoretical  point.  The  distance  from  heel  of 
switch  to  point  of  main  frog  will  then  be  the  same  as  from  head- 
block  of  stub  switch  to  main  frog  point,  and  is  termed  the  Stub 
Lead.  If  to  this  distance  the  length  of  switch-rail  be  added,  we 
get  the  distance  from  the  head-block  of  a  point  switch  to  the 
point  of  main  frog,  which  is  the  Short  Lead  required  in  practice 

198.  Given  the  Throw,  U  t^®  Gauge,  (/,  and  the  Frog-number, 
iV,  to  Find  the  Stub  Lead,  s.l. 

In  Fig.  102,  KB  is  the  stub  lead  required;  G^  =  KL,  the  throw. 


Fig.  102. 


From  (246), 

l=GB  =  2gN, 

and  from  (250), 

8=  CK=  2NVgt. 

From  the  figure. 

KB=  CB-  CK, 

or 

s.l.  =  ai^(/7  -  Vgl).   .     .     . 

.     .     (303) 
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Formula  (303)  may  be  employed  for  turnouts  from  curves  as  well 
as  straight  lines,  since  it  was  shown  that  the  formulas  from  which 
it  was  derived  may  be  employed  even  when  the  curvature  of  main 
track  is  considerable. 

Below  is  a  table  of  values  of  (^  —  |/^0  for  some  of  the  more 
common  values  of  g  and  i. 

TABLE  OF  VALUES  OF  ^  —  ^gt. 


8  Feet  Gauge. 

4  Feet  8i  Inch  Gauge. 

4  Feet  9  Inch  Gauge. 

Throw. 

g-Vgi. 

Throw. 

■ 

g-Vgi. 

Throw. 

g-Vgi. 

Inches, 
8 

Feet. 
2.18 
2.06 
2.00 

Inches. 
5 

Feet. 
3.906 
8.^89 
8.206 

Inches. 
5 

ft* 

Feet. 
8.348 
8.276 
8.242 

Example. — Find  the  stub  lead  f or  iV  =  8,  g  ^  4.75  ft.,  <  ■■  5 
inches. 
From  the  table, 

^-V^=  3.343  ft., 

and,  by  (303), 

8.1.  =  16  X  3.343  =  53.49  ft. 

199.  Curving  Rails. — The  proper  curvature  for  a  rail  when 
bent  to  fit  a  given  curve  is  determined  by  the  mid-ordinate 
measured  from  a  cord  stretched  between  the  end-points  of 
inside  faces  of  rail-head.  To  determine  this  ordinate,  sub- 
stitute the  half  length  of  rail,  in  decimals  of  one  hundred  feet, 
for  n  in  formula  (18).     Thus,  for  a  30-ft.  rail, 

3f  =  i(0. 15)2/) =0.0197Z)ft.=0.236D  ins.      .    .    <a) 

'     For  a  33-ft.  rail, 

3f  =  i(0.165)*Z)=0.024Dft.  =  0.288Z)ins.       .    .     (6) 

But  by  (248)  Z)=^     . -Qg^^  for  standard-gauge  track,  and 

this  substituted  in  (a)  gives 

144 
ilf,  in  inches,  =-=v^,  (nearly).       .     .     ,     (304) 
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By  inserting  above  value  of  D  in  (6)  there  results 

175 
3f,  in  inches,  =^r^,  (nearly). 
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(305) 


When  the  turnout  is  from  a  curve  compute  M  from  (304), 
and  the  mid-ordinate  for  a  rail  30  feet  long  on  main  curve 
by  (303) ;  then  the  mid-ordinate  for  turnout  rail  will  be  the  sum 
or  difference  of  these  values  according  as  the  turnout  is  from 
concave  or  convex  side  of  main  curve. 

200.  The  Turnout  Table  below  gives  the  frog-angle,  the 
radius  of  turnout  from  a  straight  track  and  its  degree,  the 
theoretical  lead,  the  theoretical  length  of  switch-rail  for  ^=5 
inches,  and  the  stub  lead  for  ^  =  5,  5i,  and  SJ  inches  for  standard 
gauge  track,  and  frog-numbers  from  4  to  15  inclusive. 

Suppose  the  shortened  lead  to  be  wanted  for  a  number  8 
frog  when  t  =  5i  inches,  and  the  switch-points  are  16.5  feet 
long.  From  the  table,  the  stub  lead  is  51.3  feet,  which,  added 
to  16.5,  gives  67.8  feet  as  against  67.65  feet  given  in  the  table 
of  practical  leads  recommended  by  the  American  Railway 
Engineering  Association  for  the  distance  from  actual  switch- 

TURNOUT  TABLE  FOR  STRAIGHT  TRACK. 


. 

* 

4  FEET  8^  INCH  GAUGE. 

Degree 

of 
Turn- 
out. 

Theoret- 

Stub-lead for  a 

Throw 

Frog 

No. 

Frog 
Angle. 

Theo- 
retical 
Lead. 

Turn- 
out 
Radius. 

ical 
Switch- 
rail  for 

of 

<  =  5In. 

5  In. 

5HIn. 

5^  In. 

0 

t 

feet 

feet 

o          / 

feet 

feet 

feet 

feet 

4 

14 

15 

37.67 

150.7 

38    2 

11.20 

26.46 

25.91 

25.65 

5 

11 

25 

47.08 

235.4 

24  21 

14.01 

33.08 

32.39 

32.06 

^H 

10 

23 

51.79 

284.9 

20    7 

15.41 

36.39 

35.63 

85.27 

(T 

9 

32 

56.50 

389.0 

16  54 

16.81 

39.70 

38.87 

38.47 

6^ 

8 

48 

61.21 

397.9 

14  24 

18.21 

43.00 

42.11 

41.68 

7 

8 

10 

65.92 

461.4 

12  25 

19.61 

46.31 

45.35 

'44.68 

7^ 

7 

38 

70.63 

529.7 

10  49 

21.01 

49.62 

48.59 

48.09 

8^ 

7 

9 

75.33 

602.7 

9  30H 

22.41 

52.93 

51.82 

51.30 

8^ 

6 

44 

80.04 

680.4 

8  25 

23.81 

56.24 

55.06 

54.50 

9 

6 

22 

84.75 

762.7 

7  31 

25.21 

59.54 

58.30 

57.71 

9H 

6 

2 

89.46 

849.8 

6  45 

26.61 

62.85 

61.54 

60.90 

10 

5 

44 

94.17 

941.7 

6    5 

28.01 

66.16 

64.78 

64.12 

11 

5 

12 

103.58 

1139.4 

5    2 

30.81 

72.78 

71.26 

70.53 

12 

4 

46 

118.00 

1356.0 

4  13^ 

33.61 

79.39 

-   77.74 

76.94 

la 

4 

24 

122.42 

1591 .4 

336 

36.42 

86.01 

84.21 

83.36 

14 

4 

5 

131.88 

1845.7 

3    6 

39.22 

92.62 

90.69 

89.77 

15 

3 

49 

141.25 

2118.7 

2  42 

42.02 

99.24 

97.17 

96.18 
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rail  point  to  theoretical    frog-point,  when  both  switch-point 
and  frog  are  straight. 

For  a  number  10  frog  the  table  here  gives  80.62  feet  for 
the  lead,  as  against  77.51  from  the  table  of  practical  leads 
above  referred  to,  while  for  a  number  12  frog  with  22  feet 
points  in  both  cases  the  two  values  are  98.94  and  100.30  feet, 
respectively. 

Article  16.    Crossovers.    Intersecting  Tracks.    Wyes. 

201.  Given  the  Equal  Frog  Numbers,  N,  the  Distance  be- 
tween Centers,  c,  and  the  Gauge,  g,  to  Locate  a  Crossover 
between  Parallel  Straight  Tracks. 

In  Fig.  103  let  A  be  the  location  of  actual  frog-point  on  one 


Fio.  103. 

track,  and  B  the  desired  location  of  actual  frog-point  on  the 
other  track. 

Extend  the  center  line  of  crossover  to  intersect  center  lines 
of  parallel  tracks  at  C  and  E.  From  triangle  ECD,  ED^c  cot  F, 
and,  as  is  evident  from  the  figure, 

x=-cGoiF'-2gN-2p,    .    ..(306) 

But,  from  trigonometry, 

^„    cot^iF-l     4iV»-l     ^     ,^ 
^^^^=  2cotiF  =^4iV-^^-^^' 

.-.  x=cN~-2gN-2p  =  N(c-2g)'-~2p.       .    (307) 

The  distance  along  parallel  tracks  between  theoretical  frog- 
points  is  x+2p.  « 


TURNOUTS,    FHOGS,    AND   SWITCHES.  197 

TABLE  OF  DISTANCES  BETWEEN  ACTUAL  FROG-POINT8  BY 
FORMULA  (307)  FOR  CROSSOVERS  BETWEEN  PARALLEL 
STRAIGHT  T 


"■ 

12.5 

13.0 

13.5 

1*.0 

14,3 

16,0 

IS.  5 

la.o 

?*m 

g 

niT 

26.66 

1.58 

S5.5fl 

446* 

iiS 

S     12    IS 

3S.Z1 

43  70 

S  10 

S4»7 

in 

3    10   M 

J.^b 

W.fW 

SO. 81 

MU.BO 

ua.itu 

107,79 

202.  Given  the  Unequal  Frog  Numbers,  N,  and  N',  the 
Distance,  e,  between  Centers,  and  the  Gauge,  g,  to  Locate  a 
Crossover  between  Parallel  Straight  Tracks. 

Let  the  notation  be  as  shown  in  Fig.  104.  Some  latitude 
in  the  selection  of  R  may  be  allowed,  but  it  is  probably  best 
to  take  it  about  equal  to  the  radius  of  turnout  which  has  the 
larger-angled  frog,  and  to  make  the  curve  tangent  to  the  heel 
of  the  smaller-angled  frog.  This  will  require  the  insertion  of 
a  short  piece  of  tangent  between  the  heel  at  the  larger-angled 
frog  and  the  beginning  of  the  curve. 

From  triangle  CML,  since  the  side  CH{  =  B  tan  J(F-f") 
+k'+p'+gN')  is  known, 

q'  =  LH''CH  COS  F',     and     n  =  CL-Ci/ sin  P',     .     (o) 
In  triangle  ECG,  m  =  c  — n,  and  therefore 

EC ^gN+p+k+R  tan  ^{F ^ F-)  =m  eoacc  F  .    .     (6) 

and  q^EG^mcotF (c) 

From  (6), 

k=mQOBecF-\gN+p+RtjinUF~F')].        .     {308) 

The  distance  between  actual  frog-points,  measured  along 
the  parallel  tracks,  is,  from  the  figure, 

x^{q+^)-{gN+p+gN'+p').     .    .    .     (309) 
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Fia.  104. 


203.  Crossovers  between  Concentric  Curved  Tracks  some- 
times are  a  necessity,  but  they  should  be  avoided  whenever 
possible.  If  they  must  be  inserted,  the  same  frog-niunbers 
should  be  used  on  both  tracks.  The  distance  between  frog- 
points,  measured  around  a  curve  midway  between  the  center 
lines  of  the  two  tracks  may  be  taken,  with  sufficient  precision 
for  practical  purposes,  the  same  as  for  a  crossover  between 
parallel  straight  tracks.  The  heels  of  the  two  frogs  are  then 
to  be  joined  by  a  curved  track,  tangent  at  the  heels,  and  having 
its  mid-point  midway  between  the  center  lines  of  the  curved 
tracks  and  midway  between  the  frog-points.  The  radius  of 
this  curve  need  not  ordinarily  be  found,  as  the  heels  of  the 
frogs  and  the  mid-ix)int  above  mentioned  should  suffice  for 
its  location  on  the  ground. 

204.  To  Connect  two  Intersecting  Straight  Tracks  which 
Make  a  Comparatively  Small  Angle  with  Each  Other,  by  Means 
of  a  Reversed  Curve;  Given  the  Frog  Numbers  N  and  N\ 
the  Angle  /  and  the  Distance  from  the  P.  /.  to  the  Actual  Pohit 
of  One  of  the  Frogs  and  also  the  Two  Radii  of  the  Reversed 
Curve  which  is  Tangent  to  the  Heels  of  both  Frogs. 
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In  Tig.  lOS  the  diatance  x,  metisured  along  one  of  the  inter- 
netiiig  trackH,  and  the  angles  a  and  b  must  be  found  and  also 


0  the  other  frog-point.    Let  AC=q 


the  diatance  from  the  P.l.  1 
be  knovn. 

In  the  right  triangle  LMN,  LM,  and  acgle'f  are  known. 

.:  LN-={gN+p+k)imcF,    and    MN=(gN+p+k)  ta.a  F. 

In  triangle  ASN,  NA=q-NC=g-\LN -(gN+p)]  ia  known 
and  all  the  angles.     Solve  for  AS  and  A'5. 

In  the  right  triangle  OVS.  OS-R-(_NS-MN)  and  all  the 
angles  are  known.    Therefore,  OV=OS  cos  /,  and  SV=OS  sin  /. 

In  the  right  triangle  EHJ,  EJ=gN'+p'+k',  and  angle 
BJH=F'  are  known.  Therefore,  JH=EJcoaF-  and  £//  = 
IFZ=BJainf". 

In  the  right  triangle  O'JZ,  JO'^R'  and 
Therefore,  O'Z  =  R'  cos  F',  and  ZJ  -  R'  sin  i 

In  the  right  triangle  O'GO,  00'=R+R' 
+WO(.  =  VO)  are  known.  Therefore,  si 
angle  ct— 90°— c  become  known. 


iglc  F'  are  known. 

EW-HJ-ZJ. 

id  O'G-O-Z+ZW 

■.-0'0-i-O'O,    and 


.-.  b=d-F',    and    a=90'~lc+I). 

^"AS+SV-OG-EW+gN'.     . 


(310) 
(311) 


200      A  7IGLl>-UAKnAL  FOR  RAILROAD  ENOIMBBRS. 

In  the  right  triangle  AEU,  AE  -  q'  -  gN',  and  At/  -> 
AEvasi. 

.:  x=-q-AE  cos  I -p'-cN'.     .     .     .     (312) 

SOS.  To  Connect  two  Intersecting  Strsi^t  Tracb  by  a 
Simple  Curve  when  the  Intersection  Angle,  /,  is  Large.  Given 
file  Frog  Rnmbers,  the  Angle  I  and  Radius,  R,  to  Find  Dis- 
tances from  the  P.  /.  to  the  Actual  Points  of  Frogs. 

First  Case.    Frog-numhers  Equal. 

In  triangle  ilGD  of  Fig.  106,  GO=piV+p+fc+fl  tan  J{/-2P) 
GilO=90°-J/and  il/X;  =  180''-l(90''-i/)+fl=90°+i/-f. 


From  triangle  AGD 

AG-GD^^ 
Evidently  q=AC'GA-QC. 
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By  substituting  values 
q^\gN+p-^k-^R  tan  i(/-2F)]^?^^i^-(y7^+p); 
or 
q^lgN+p+k+R  tan  (iI-F)f°^^J^~^-igN+p).    .     (313) 

Also,  from  the  figure,  AD—GD  - — 77^;^ — ^r:,  or 

sin  (yu — jij 

AH=-\gN+p+k+Rta.n  (§/-/^)l^^rr+^exsec  (hl-F).   (314) 

cos  2-' 

Second  Case.    Frog^numhers  Unequal. 

Let  the  frog-number  at  C  be  iV  (the  angle  F)  and  that  at 
B  he  N'  (with  angle  F').  The  angle  at  the  center  of  the  con- 
necting curve  is  now  I—F—F'.  Extend  ED  to  intersect  AC 
at  L  (not  shown).  In  triangle  LGD  the  side  GD-gN+p-\-k 
■^R  \£ji\{I-F-F'),  angle  GDL=I-'F''F'  and  angle  LGD-=F, 
Solve  for  GL = m  and  LD  =  t. 

In  triangle  J^LA,  EL  and  all  angles  are  now  known.  Solve 
for  LA  and  AE,    Then 

CA=LA+m-(f7iV+p),    and    AB=AE-(p'-[-gN').     (315) 

By  connecting  lip  the  tracks  in  two  adjacent  angles  a  Y 
Is  formed  and  trains  can  be  turned  completely  around  for 
one  track  or  diverted  to  the  other  track  in  one  direction.  By 
connecting  the  tracks  in  all  four  angles  wyes  for  all  tracks  are 
formed. 

206.  Given  the  Intersection  Angle,  /,  Made  by  a  Straight 
and  a  Curved  Track,  the  Radius,  R,  of  Intersecting  Curve, 
Rff  the  Radius  of  a  Curve  uniting  the  Two  tracks,  and  the  Frog- 
Angles,  Ff  and  F'  (either  equal  or  unequal),  to  Find  the  Loca- 
tion of  the  Frog-points  and  the  Central  Angle  of  Joining  Curve. 

In  Fig.  107,  DBA  is  the  center  line  of  straight  track  and 
SAC  the  center  Une  of  curved  track.  The  angle  /  is  measured 
in  the  field.  If  /  is  large,  a  transfer  track  may  be  inserted 
in  any  one  or  aU  of  the  four  angles  formed  by  the  intersecting 
tracks,  and  in  the  latter  case  a  system  of  wyes  formed;  but 
if  /  is  small  only  two  such  joining  curves  may  be  inserted, 
one  of  which  will  be  as  in  the  figure  and  the  other  in  the  oppo- 
site angle.    If  /  is  very  small,  this  latter  position  may  neces- 
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Bitate  so  long  a  connection,  because  of  the  clearneaa  lequired 
at  the  P.l.  that  it  may  not  be  desirable. 


For  the  case  shown  /,  R,  R',  F,  and  f"  are  knowo.  Tha 
arcs  AC  aod  VW,  and  also  the  distance  AB,  are  to  be  found. 
Let  the  coDStruction  lines  be  as  shown.  Q  and  Z  are  the  theo- 
retical points  of  frogs. 

In  the  right  triangle  OZM,  OM'(_R-ig)wa  F"  and  ZU 

-(R'Wcosf: 
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In  the  right  triangle  OO'N,  ON^OM-k'-p',  and  (TN 
«=  MZ-  (jR'+iy).    Hence  we  find 

O'N 
tana  =  7rv^,    and    00' =0N  sec  a, 
ON 

From  the  right  traingle  OAD,  OD—R  cos  /  and  AD=R  sin  /. 

In  the  right  triangle  QEGy  QE=R'+ig  and  the  angle  at  Q 
equals  F.    Therefore  EG  =  (R' + J^)  tan  F  and  QG  =  (R' + ig)  sec  F, 

In  triangle  O'HGy  right  angled  at  H,  angle  HO'G—Fj  and 
0'G=EG-(k+p).  Therefore  0'H=m=OV  cos  F  and  HG 
^l=^0'G sin  F. 

In  the  right  triangle  00' L,  00'  is  known,  and  O'L^LT-TO' 
=  OD-HB='OD-HQG+ig)-HG],  or,  inserting  values, 

0'L=R  cos  I -{R'+ig)  s^c  F-ig-l. 

Therefore 

O'L 
sin  6=^^,    and    OL =00' cos  6. 

Now,  from  the  figure, 

a;=[a-6+(90-/)I-(90-F')=a-6-7+F',     .    (316) 

and  the  length  of  the  curve  AC,  in  chains,  is  x  divided  by  D, 
The  actual  frog-point  is  therefore  to  be  set  at  a  distance  equal 
to  arc  AC  — p' from  A. 

The  length  of  AB  equals  AD-DBy  or 

AJB=i2  sin /-OL-m,       ....     (317)  J 

and  the  actual  frog-point  is  set  at  a  distance  AB—p  from  A.       ' 
The   angle    VO'W-=z^I+x-F-F'y   when   divided   by   £)', 
gives  the  length  of  the  connecting  curve  in  chains. 

207.  Given  the  Angle  I  and  the  Radii  R  and  Ri  of  Two  Inter- 
secting Curved  Tracks,  the  Frog-angles  F  and  F',  and  the 
Radius  R2  of  Connecting  Track,  to  Find  the  Location  of  the 
Actual  Frog-points  on  the  Intersecting  Curves  and  the  Central 
Angles  of  the  Required  Arcs. 

As  in  the  case  of  the  intersection  of  a  straight  and  a  curved 
track,  four  joining  tracks  may  be  inserted  if  the  angle  /  is 
large,  or  two  (and  possibly  only  one)  if  the  angle  is  small.  Let 
Fig.  108  represent  the  case  where  the  joining  curve  is  inserted 
in  che  most  favorable  angle.  By  following  the  same  treat- 
ment as  given  for  this  case,  there  should  be  no  diflSculty  with 
the  solution  when  the  joining  curve  Ues  in  one  of  the  other 
angles.  The  construction  lines  and  notation  of  the  figure  are 
self^xplana  tory . 
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Two  sides  and  the  included  angle  are  known  in  triangle 
AOOi.    Solve  for  the  angles  a  and  6  and  the  side  00,. 

In  th<f  right  triangle  QOE,  QO,  and  tho  angle  EQO  are  known. 
Hence  OE'(R-  Jif)  sin  F,  and  QE  =  (R- ig)  cos  F. 


-^im 


In  the  right  triangle  OOiff,  OG^OE-{k+p),aadOjG=-EQ 

—  iHt+ig),  being  known,  we  get  tan  e  =  j^— ,  andOOi-OG  secc. 

In  the  right  triangle  ZOJ!,  the  side  ZOi  and  angle  0,ZH  are 

known.  Therefore  Oi/f=  (fli  -  Ip)  ain  f ',  andZ/f =(Bi- jp)  cosf . 

In  the  right  triangle  0,0,L.  OJ.=ZII-(_R,+ig),  and  0,L 

_0,L 

OiL' 


Therefore  i 


.nd=^,  and  OiO, 


-0,H-(fc'+p')  ar 
=0,L  seed. 

In  the  triangle  OOA,  oU  three  sides  arc  known.    Solve  Cm 
the  angles  e  and  n.    Then 
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T  -6  -n+c  -  (90°  -  f ) = 6  +C+F  -n  -  90°. 
ya-e+d+F'-^O" ■  . 


(318) 

(320) 


The  arc  AB,  in  chains,  equals  x  divided  by  D  and  the  actual 

frog-point  is  set  at  a  distance  AB—p  from  A.    The  arc  AC, 
in  chains,  equals  y  divided  by  A  and  the  actual  frog-point 
is  set  at  a  distance  AC  —  p'  from  A. 
.  The  angle  al  the  center  of  the  connecting  curve  is 

z~I+x+i/-F-F' (321) 

and  the  length  of  its  arc  is  z  divided  by  Di,  measured  in  chains. 

308.  To  Locate  a  Y  wben  One  Leg  is  a  Straight  Line. 

In  Fig.  100  let  HE  be  tJie  straight  line,  and  A  the  position  one 
of  the  frogs  must  occupy.  Let  the  numbers,  and  therefore 
the  angles  F,  Ft,  and  Ft,  be  known  and  also  the  radii  R  and 
fti.  It  13  required  to  find  the  distance  AB  between  actual 
frc^-points  on  the  straight  track  and  the  central  angles  i  and 
y  of  the  other  two  legs  of  the  wye.  Let  w,  Wi,  and  lOj  be  the 
known  spreads  of  the  respective  frogs,  at  their  heels. 
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In  triangle  OSOiy  two  sides  and  the  included  angle  are  known. 
Solve  for  OOi  and  the  angles  a  and  6. 

In  the  right  triangle  OiGQ,  OiG=Ri  cos  Fi  and  Q(?=ft  sin  Fi, 

In  the  right  triangle  OJL,  OJ=R  cos  F  and  JL  =  /2  sin  F, 

In  the  right  triangle  VLMy  VL=gN-\-p+k  and  the  angle 
at  V  equals  F.    Therefore  LM  =  7L  sin  F  and  7Af  =  7L  cos  F. 

In  the  right  triangle  QNW,  QW=gNi-\-jh-\-ki.  Therefore 
QN  =  QW  sin  Fi,  and  NW  =  QW  cos  F,. 

By  addition,  OH  =  OJ-^JH=OJ-^LM,  and  OiE=OiG+GE 
=^OiG-{-QN.  Hence,  OH  and  OiF  become  known,  and  there- 
fore OiD  =  OH  -  Oi£7. 

Hence,  from  the  right  triangle  OOiD, 

cosm=7r7r-,    and    n=90  —  m. 
UUi 

Also,  OD=HE =00i  cos  n,  .    ....    (322) 

From  the  figure, 

and  ....    (323> 

Also     MN=OD-(JL-{-QG),     and     7TF=MiV+7M+i\rTr. 

Hence 

AB=^VW-l{gNi-p)-^(gNi+pi)].       .    .     (324) 

Set  up  transit  at  L  with  plate  vernier  set  to  F°  back  of  zero 
when  line  of  sight  lies  along  a  line  JL  parallel  to  AB.  Deflect 
to  zero  and  Une  of  sight  will  be  paraUel  to  turnout  leg  of  frog, 
and  tangent  to  the  curve  LT  a.t  L.  Run  the  curve  to  T,  cover- 
ing the  angle  x.  Measure  MN  or  AB  and  set  up  transit  at 
Qy  after  which  run  arc  QC/,  having  the  central  angle  y*  As  a 
check  TU=2.i{g-{-W2)  cos  JF,. 

Either  leg  of  Y  may  be  a  branch  line,  or  this  branch  may 
be  straight  beyond  the  head-block. 

209.  To  Locate  a  Y  when  the  Three  Branches  are  Curved 
and  Convex  toward  Each  Other. 

For  this  case  the  three  radii,  Rj  Ri,  and  Ri,  are  known;  also  the 
three  frog-angles,  F,  Fi,  and  Fj,  and  the  location  of  one  of  the 
actual  frog-points,  as  A,  in  Fig.  110.  The  central  angles,  » 
y,  and  2  are  to  be  found  in  order  to  locate  the  frog-points  B 

and  C. 

Of  Oi,  and  Ot  are  the  centers  of  the  three  branches  of  the  wye, 
respectively,  which  curves  are  tangent  to  the  frogs  at  their 
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heels.    The  hnes  of  the  frogs  may  be  extended,  if  desired, 

90  as  to  insert  frog-taDgents  of  any  desired  length,  provided 
these  are  equal  on  both  aides  of  the  same  frog.  Let  the  radii 
be  extended  so  as  to  meet  in  pairs  at  E,  G,  and  H. 


In  the  triangle  00,G,  side  OG=R+Hg+u>),  and  side  0,0 
=-Bi+i(ff+"'),  while  the  included  angle  equals  180°-?.  Solve 
for  ai^es  a  and  b  and  aide  OOi.    Angle  b=F—a. 

In  triangle  OEOi,  OE  =  R  +  i(g+w,)  and  0»E  =  ff,+l((f+w,). 
Solve  for  angles  c  and  d,  and  side  OOi. 

In  triangle  OiOJI,  OiH  =Ri+i{g+iv,),  OiH=Sj+J^+ms). 
Solve  for  angles  e  and  /  and  the  side  OiOi. 

In  the  triangle  OOiOj  the  three  sides  are  now  known  and 
the  three  angles  may  be  found.  Any  one  of  the  usual  methods 
may  be  used.    The  foUowing  will  answer: 

Xiet  the  half  sum  of  fhe  three  aides  be  a,  then 


_Js{s-0,0,) 
\  00^X00,' 
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Angles  m  and  n  arc  found  in  like  manner.     Then, 

:c  =  i-{a+c),    j,.m-(d+e),    z=n-(f+b).    .    (326) 
The  field  work  necessary  ia  now  apparent. 

210.  To  Locate  a  Y  when  One  Branch  is  Coacave  to  the 
Other  Two. 

The  data  j^ven  are  the  same  as  when  the  three  branches  are 
convex  to  each  other.    Let  Fig.  Ill  represent  this  case. 


The  method  of  aolutimi  is  identipal  with  that  followed  in  the 
preceding  aertion.  AnRJeH  n  and  b  and  the  side  0,0  are  found 
from  triangle  OO^G;  angles  c  and  d  and  side  0,0,  are  found 
from  triangle  OsOiE;  angles  e  and  /  and  side  00,  from  triangle 
OOJI. 

In  the  triangle  OOiOi,  three  Bides  arc  now  known,  from  which 
the  angles  I,  m,  and  n  may  l>e  found.    Thus 

osi"'    \oa^xUiOt' ^^^ 


I  found  in  like  manner.    Then  the  central 
which  comprise  the  three  branches  of  the 


Angles  I  and 
angles  of  the 
wye  will !« 

x=l-{h+c);    y^a~ic+m);    t=f-(„+d). 
The  field  work  required  will  now  be  apparent. 
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Article  17.    CBossino-rnoGs  and  Crossing -sups. 

A.  Croaaitig-frogs. 

Sll.  When  two  tracks  intersect  each  other  four  croBsing-frogi 
are  required  at  llie  iutersecliou  of  the  two  seta  of  rails.  Tlie  four 
frogs  are  soinelimes  culled  a  eet  of  cross! ug-frogs. 

312.  To  Find  the  Length  of  Ralla  Intercepted  between  two 

,  Interiectlng  Straight  Tracks  when 

y^~^  the  Angle  of  Intersection  and  the 

"i-v/    Two  Qauges  are  given. 

-SKT        I°  f'*g-  "^.  fro'"  trUogle  ASH, 

^  AB^  EC=  gcosecF;     (338) 

anJ  from  triangle  AEG, 

AE^  BG  =  g,  cosec  F.    (330) 

213.  Given  the  Angle  of  Interaection,  a.  made  by  the  Oentar 
lanes  of  a  Straight  and  Oiirved  Track,  the  Gauges  gi  and  g,  to 
Find  the  Angles  of  the  Set  of  Oroasing  frogs. 

In  Fig.  lla,  from  lUe  triangles  OBK  and  OAS, 


(iJ+lff)c 


iF  =  Rci 


«  +  !?.. 


11+ in    ■ 

R 

R+H 

co,.-b, 

R 

R^H 

From  triangle  BOC  to  Qiid  Ihe  chord  BC. 

BC  =  2iE  +.  Ig)  sin  UF  -  F). 
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Similarly, 

GE=2(R-  ig]  ain  HF,  -  F,). ( 

From  triaDgles  EOM  &)iA  COL,  we  have 

B0=  ML  =  (S+  ig)  sin  J*",  -  (R  -  ig)  ain  F,.    ( 


QB=  NK  =  (R+  ig)  sin  F  -  (B  -  ig)  sio  F,.     (338) 

%U.  Qiven  the  An^le  of  Intersection,  a,  made  by  the  Center 
Linei  of  Two  Curved  Track*, 
their  Oauges,  g  and  g^ ,  to  Find 
the  Angles  of  the  CroBiing-frogi. 

In  Fig.  lU,  OA  =  E.  0,A  =  R, , 
and  augle  OAO,  =  a  of  the  triHUgle 
OJOi  are  giTeii;    wbcnee  00,  may 
^  be  delerrainod. 

In  Iriangle  OBO,  llie  aide  OB  = 
H  +  iff.  0,5  =  R,  +  ig, .  and 
00,  =  k  are  known,  from  which 
we  can  delermiue  Ihe  angle  OR  Ji  = 

In  like  mnnoer  from  the  Iriangle   000,  determine  ^i.  and 
tnim  lri;;tigle  OEO,  liud  F,.  F,  may  be  tound  from  triangle  OOOi, 

To  find  llie  chord  OB  first  find  niiglt 
ROiO  from  triangle  00,0.  and  augh 
(?0,Ofrom  Iriangle  O'OiO;  Iben 

0B=  2(R,  +  is,)  sId  iOO,B. 

Id  like  manner. 

BC=-i(R,  -  ig.-)BiniBO,0. 

BC  =  21R  +  ig)  ail,  iBOC. 

GE=  2(R-  lirjsiiiieOff. 

When  the  trucks  intersect,  aa 
116,  the  solution  is  evidently  simili 
the  foregoing. 


(See  219  ii 


with  213  and  2U  ) 
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B,  Crossing-slips, 

216.  A  Crossing-slip  is  nn  arrangemeDt  of  switch-rails,  in 
conuection  with  a  set  of  crossiug-frogs,  to  connect  two  trucks 
iuiersecting  at  a  small  angle. 

216.  Qiven  the  Angle  of  Intersection  of  Two  Straight 
Tracks,  to  Find  the  Length  and  Radii  of  Curvature  of  Slip- rails. 

In  Fig.  116  determine  EA  and 
ABhy  212 ;  then  assume  OE  or  BH 
(according  as  EA  is  less  or  greater 
than  AB)  as  small  as  the  crossing- 
frogs  will  permit.  Draw  the  radii 
HOm&  00;  AH  =  AO  =  k  is  the  y^ 
known  tangent  for  the  central  angle 
F,    Hence 

00  =  R+y 

=  AH  cot  iF=2kN',    (343) 


0L  =  R-y  =  UN'-g. 


(344) 


For  the  theoretical  length  of  rails, 


180 


LM={R-ig)x 


57.3* 


57\3* 


(345) 


(346) 


217.  Given  the  Angle  of  Intersection  made  by  the  Center 
Lines  of  a  Straight  and  a  Curved  Track,  to  Find  the  Radii  and 
Length  of  Slip-rails. 

First  Case. — Slip-rails  inside  main  curve. 

In  Fig.  117  determine  the  angles /"and  Fi  at  ^  and  C  by  213. 
Then  assume  KC  as  small  as  constructive  reasons  will  permit. 
Now 


1  jrn 
sin  4^0(7  =_5^1i- 


T-* 


R^W 


(347) 


h  =  BOK  =  {Fx  -F)"  KOG,     .     .     .    (348) 
e  =  KOiH=  F+  b  =  Fi-  KOG,    .    .    (349) 


213    A    FIELD-MANUAL   FOR   RAILROAD   ENGINEERS. 

Fron  129,  formula  (100), 


Bi  +  is=  0,S  = 


1  - 


For  the  leogtbs  of  slip-rails, 

BL  =  (H,  -  Jff)  X 


67.3  ■ 


.    (351) 
(352) 


Sbcost>  C^eE.—SHp-raiU  ouUide  mniii  enrve. 

Find  the  nngle  F,  nt  S.  F,  at  O,  an<l  08  bj  the  mcthoda  of 
S13.  Asaiimt:  ONn%  snmll  iis  ronslniciive  rensona  permll,  nnd 
culculnte  angle  00h\  aa  <ii  (30«)  Tbi-u  iVOS  =  F,~  F,-  OON. 
d  =  F.  +  QON  =^  F,-  N08.     By  129,  foJmula (106), 


The  remainder  of  tbe  solution  ia  similar  lo  llie  first  ci 


(368) 


218.  Qivsn  the  Angle  of  Intersection  between  the  Cent«r 
Lines  of  Two  Omvei,  to  Find  Radii  and  Length  of  Slip-rails. 

First  Cask  —Slip-raiU  on  concave  tide  of  curves. 

In  Fig.  118  take  LC  as  Mimll  ns  ( oi i sir ii dive  reusoDB  permit 
Jolu  L  with  0  ,  ;heu 


b\u  I  LOC  = 


(354) 
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MO  =  {R+ig)  -  {Bi  +  ig)=-.R-  ft, 

MOO,  =  LOC+  COO,. 


In  triangle  3fOO,  two  Bides  nnd  the  Jucluiled  nngle  nre  now 
known.  «ud  llie  triangle  may  b«  solved.  0,  is  Ibo  center  of 
slip-mil  cui'ves. 

0,3fO,  =  0,0,M  =  MOO,  +  M0,0. 


XO,Oi  =  180  -  20,M0,. 


From  llie  tsosfeles  lriani,'li^  0,0,M,  in-wliicU  Oiifand  tlie  tbrec 
angles  lU'i:  known, 


■-    ■        3siuJifO,0,     •     ■     ■ 

S,  +  ig=0,L  =  R,  +  ^  -  MO,,  . 

.     .    (359) 

B,  -  iff  =  0,11  ^  R,-^-  MO,.  . 

.     .    (357) 

The  ccninil  angle  KO,L  =  MO,Oi  being  known,  OH  and  EL 
maj  be  fuuiul  us  lu  217. 
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Second  Case. — SHp-rails  on  convex  side  of  curves. 

Let  the  dotted  lines  of  Fig.  118  represent  this  case.  Assume 
AQ  and  compute  angle  AOQ;  produce  OQ  to  O2',  the  center 
of  slip-rail  curve;  make  O2N  =  02  0i.  Reasoning  as  before, 
find  02'N  =  02Vi,  after  which  Oi'Sy  Oi'P,  and  the  lengths  of 
TS  and  QP  may  be  found  as  in  the  first  case. 

Should  the  curves  intersect  as  in  Fig.  115,  no  difficulty  will 
be  found  in  computing  the  radii  and  length  of  slip-rails  by 
following  the  methods  used  above. 

These  methods  furnish  the  theoretical  length  of  slip-rails; 
but  as  the  theoretical  and  physical  switch-points  do  not  coin- 
cide, the  actual  length  will  be  considerably  less. 

219.  In  computations  for  crossing-frogs,  an  additional,  and 
desirable,  check  is  obtained  if  the  diagonals  are  also  deter- 
mined in  Figs.  112,  113,  114,  and  115. 

In  Fig.  112,  let  A  and  C  be  joined,  and  also  B  and  E,  From 
C  let  fall  a  perpendicular  upon  AE  produced,  intersecting  that 
line  at  H.  From  E  let  fall  a  perpendicular  EK  upon  AB, 
From  the  triangles  so  formed  we  get 

AC  =  y/g^-\-{AE-\-EC  cos  F)\ 

and  BE  =  Vgi^-i-(AB-AE  cos  F)\ 

In  Fig.  113  join  G  with  C,  and  B  with  E,  Then,  from  the 
fig'ire,  

GC==\/{OL-ONy-\-gi\ 

and  BE  =  V{OK-()My-{-gi^, 

In  Fig.  114  the  diagonal  GC  is  found  from  the  triangle  OGC 
in  which  the  sides  OG  and  OC  are  known  and  the  included  angle 
determined  by  letting  fall  perpendiculars  CM  and  GN  upon 
OOi,  or  OOi  produced,  thus  yielding  triangles  OCM  and  OiCM, 
whose  solution  yields  angle  COOi,  and  similarly  from  triangles 
OGN  and  OiGN,    The  angle  GOC  then  equals  GOOi-COOi. 

The  solutions  for  Fig.  115  is  similar  to  that  for  Fig.  114. 


CHAPTER  VI. 

CONSTRUCTION, 

Abticlb  18.   Definitions  ;  General  Considerations  ;  Vbr 
TiCAL  Curves;  Superelevation  op  Outer  Rail. 

220.  The  work  of  locatiug  the  center  line  having  been  com- 
pleted, tbe  field  corps  is  usually  disbanded  and  a  new  one  organ- 
ized. The  Chief  Engineer  still  remains  in  charge,  'directing  the 
work  of  construction,  passing  on  bids  and  estimates,  arranging 
contracts,  and  attending  to  such  matters  of  importance  as  his  as 
sistants  are  unprepared  or  unauthorized  to  settle. 

221.  A  Division  Engineer  is  placed  in  charge  of  a  consideral)le 
length  of  line,  made  up  of  several  residencies.  To  him  the  resi- 
dent engineers  make  reports,  and  from  him  receive  directions 
and  orders  relating  to  construction.  These  reports  will  include 
monthly  estimates,  which  are  forwarded  to  the  chief  engineer  for 
inspection  and  approval.  Pay-rolls  for  the  men  employed  are 
made  out  in  the  office  of  the  division  engineer,  and  forwarded  to 
the  chief. 

A  Resident  Engineer  is  placed  in  charge  of  a  few  miles  of 
line,  called  a  Residency,  and  has  direct  charge  of  the  construc- 
tion. He  should  have  at  least  two  assistants— a  rodman  and  an 
axeman — and  it  will  be  true  economy  to  allow  bim  also  an 
assistant  who  can  take  his  place  at  the  instrument  and  assist  in 
superintending  construction. 

The  resident  engineer  is  usually  required  to  set  siope-stakes. 
locate  trestles  and  other  bridges,  tunnels,  culverts,  crossings,  and 
other  features  preceding  track-laying,  and  to  make  all  measure- 
ments upon  which  estimates  are  based  in  determining  the  com- 
pensation of  the  contractor. 

Many  roads  prefer,  especially  on  maintenance  of  wa3%  to  trans- 
pose the  terms  used  above,  so  that  the  division  engineers  report  lo 
the  resident  engineer,  whose    residency   may  embrace  several 

divisions. 

215 
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222.  The  Grade-line  is  determined  from  the  profile,  by  stretch- 
\ug  a  fine  thread  along  the  paper  and  so  adjusting  its  position 
that  the  proper  relation  between  cut  and  fill  is  obtained,  at  the 
same  time  that  the  maximum  gmdient  is  not  exceeded.  The  cuts 
and  fills  should  be  made  as  small  as  possible,  at  the  same  time  that 
badly  broken  or  chopped  grades  are  avoided. 

The  Gradient  is  the  rate  of  change  of  elevation  of  grade-line, 
and  is  usually  expressed  in  per  cents,  a  1.2^  gradient  indicating  a 
rise  or  fall  of  1.2  feet  in  100  feet  horizontal.  When  the  grade  is 
ascending  the  gradient  is  marked  plus,  and  when  descending 
minus. 

The  word  grade  is  frequently  used  instead  of  gradient. 

The  grade-line  should  be  drawn  on  the  profile  in  red  ink,  with 
the  points  of  change  marked  by  a  cross  or  circle,  also  red.  The 
elevations  of  these  points  and  the  gradients  should  be  written  in 
red  above,  or  below,  the  grade  and  surface  lines. 

The  nature  of  the  work  and  the  disposition  of  material  from 
excavations,  and  the  availability  of  outside  material  for  embank- 
ments will  determine  whether  or  not  the  cuts  and  fills  must  balance. 
If  this  would  necessitate  a  long  haul,  it  will  often  be  preferable 
to  waste  material  from  excavation  and  borrow  for  embankments. 

A  Borrow-pit  is  an  excavation,  adjacent  to  the  line,  from  which 
material  is  taken  to  construct  an  embankment.  It  should  be 
separated  from  the  foot  of  the  embankment  by  a  space  termed 
a  Berm,  which  should  increase  with  the  height  of  embankment, 
never  falling  below  a  certain  minimum  width,  say  six  feet. 
Borrow-pits  should  be  regular  in  form,  with  sloping  sides  and 
drained  so  as  to  prevent  water  standing  in  them. 

223.  A  OrosB-section  is  a  transverse  section  taken  at  each  sta- 
tion, and  at  intermediate  points  where  the  longitudinal  slope 
changes  considerably,  the  surface  between  adjacent  cross-sections 
being  approximately  such  as  would  be  generated  by  a  straight 
line  moving  on  these  end  sections  as  directors. 

224.  Slope-stakes  are  set  at  stations,  to  mark  the  points  on  cross- 
sections  where  the  side  slope  meets  the  ground-surface.  On 
them  the  cuts  or  fills  are  marked  on  the  inside,  while  the  outsides 
bear  the  station-numbers. 

No  slope-stakes  are  set  at  the  pluses  where  cross-sections  are 
taken,  unless  at  the  top  or  foot  of  bank  where  an  opening  is  left 
for  a  bridge  or  culvert. 
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The  notes  are  recorded,  however,  in  order  that  the  contents 
ma;  be  correctly  calculated. 

225.  A  Orade-point  is  a  point  on  the  intersection  of  the  plane 
of  the  road-bed  with  the  grouud-surface.  If  the  ground  is  level 
tniusversely,  a  single  stake  at  the  center,  marked  0  0,  will  suffice 
to  locaie  the  point  of  passage  fiom  cut  to  fill.  When  the  ground 
is  not  level  transversely,  the  line  of  intersection  will  be  oblique  to 
the  axis  of  the  road  and  three  grade-stakes  are  needed,  one  at  the 
center  and  one  at  each  side. 

If  the  width  of  road-bed  in  excavation  differs  from  the  width  in 
embankment,  the  stake  should  be  set  at  the  edge  of  the  widest 
base. 

226.  To  Find  the  Grade-point  "when  the  Ground  Slopes 
Uniformly  between  Stations. 


Fig.  119. 

In  Pig.  119  let  ^i5be  the  ground -line,  ^(7  the  grade-line,  and 
E  the  grade-point.  The  horizontal  distance,  x,  from  ^  to  2?  is 
required.  Let  the  cut  nt^  be  hx ,  the  till  at  B,  h^ ,  and  the  length 
of  prismoid  I.  Draw  BG  parallel  to  CF,  From  the  similar  tri- 
angles ^^F  and  ^5(?  .     ^ 

^  =  A7+T, (^) 

If  the  ground  does  not  slope  uniformly,  the  point  E  must  be 
found  by  trial,  such  that  the  rod -reading  equals  the  difference  - 
between  height  of  instrument  and  elevation  of  grade. 

227.  Vertical  Curves.— The  angle  formed  by  the  junction  of 
two  grade-lines  should  be  rounded  off  either  by  substituting 
several  small  changes  for  the  one  large  one,  or,  preferably,  by  in-  ' 
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serting  a  regular  curve.  Where  the  algebraic  difference  of  gradi- 
ents is  less  than  0.8jt  no  curve  will  be  needed,  while  for  larger 
differences  the  length  of  vertical  curve  should  vary  with  that 
difference,  unless  the  circumstances  of  the  case— such  as  the 
proximity  of  other  vertical  curves,  or  a  bridge — should  prescribe 
Its  length.  In  any  case  the  length  may  be  either  assumed,  or  a 
given  rate  of  change  per  station  fixed  upon  and  the  length  com- 
puted. 

The  parabola  is  especially  well  adapted  for  vertical  curves,  be- 
cause of  the  ease  with  which. any  correction  may  be  found  when 
one  is  known,  since,  as  will  presently  be  shown,  the  corrections 
vmry  as  the  square  of  the  distance  from  the  point  of  tangency. 
A  second  property  of  this  curve  enables  us  readily  to  find  the 
correction  at  the  vertex,  or  meeting-point  of  gmde- lines. 


::  Fig.  120. 

In  Fig.  120  let  AG  and  GB  be  the  intersecting  grade-lines,  and 
AFB  the  curve  substituted  for  them.  Produce  AG  to  E  to 
meet  a  vertical  through  B.  Draw  the  vertical  GO,  Then  will 
CF  =  FO  =  m  by  the  second  property  referred  to.  Since 
measurements  are  made  horizontal!}',  the  similar  figures  AGO 
and  AEB  furnish  the  relation  GF  =  ^GO  =IEB.  Calling  the 
algelyraic  difference  of  gradients  d,  and  the  length  of  curve  21, 


m  =  -Id, 
4 


(«) 


If  the  rate  of  change  of  giadient  per  station  be  a,  it  is  evident 
tliat 


1  =  ^- 

2a 


(*) 


The  equation  of  the  parabola  referred  V>  A  as  origin  may  be 
written 


m 


-  •  ••. 


(0) 
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To  find  the  correction  HK  =  s  at  a  distance  x  from  A,  we  hare 
from  the  similar  triangles^^Z/  and  ACQ, 

HL  =  CO^  =  2wy (d) 

But  KL  =  y,  and  z  =  HL  —  KL;  or,  inserting  values. 


~  I     [i~    nrj* 


X* 


or  «  =  m— (86C) 

Insert  the  value  of  d  from  (5)  in  (a),  and  the  resultant  value  of 
m  in  {31J8);  then 

Va       X'*       a 
«=-3-X-=3x' (3590* 

When  x  =  l  station,  Zi  —  \a\  when  a;  =  2  stations,  9%  =  2a,  etc. 

It  will  only  be  necessary  to  figure  corrections  for  one-half  the 
curve,  as  tbey  are  the  same  for  corresponding  points  each  side  of 
the  vertex.  If  preferred,  however,  all  corrections  may  be  com- 
puted from  the  first  tangent  produced. 

Example.— A  +  0.9^  meets  a  —  0.6^  grade  at  sta.  181,  the  ele- 
vation of  which  is  91.0  ft.  Required  the  corrections,  and  cor- 
rected grade  elevations  for  points  100  ft.  apart. 

Here  the  algebraic  difference  of  gradients  isO.9— (—  0.6)  =  1.5. 
Suppose  a  be  taken  as  0.25,  or  the  length  of  curve  as  6  stations. 

Formula  (a)  gives  ?n  =  ;}^  X  3  X  1.5  =  1.125  feet. 

At  the  P. a,  sta.  178,  z  =  0;  at  179,  (359)  or  (359')  gives  zi  = 
0.125;  at  180,  »,  =  4  X  0.125  =  .50.  The  original  and  corrected 
grade  elevations  are  as  follows: 

Sta.  178         179  180  181  182  183  184 


Original  elevation.    88.3       89.2  90.1       91.0  90.4      89.8  89  2 

Corret:tious ,.      0.0         0.125         0.50       1.125         0.50      0.125  0.0 

Oonectedelevat*n    88.30     89.075       89.60     89.875       89.90     89.675        89  20 


*  If  a  circle  be  taken  as  the  joining  curve  we  may  deri«^  'S18')  by  flndin^ 
B  ia  terms  of  a,  then  writitig  D  —  5730  ■*-  R,  and  n  =  x.  In  formula  (36). 
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ESAUPLB   3.— A  +  0.3*   meets  a  -j-  l.W   grade  ftt    Btft,   3 
whose  elevatlcm  is  155  0      Fiud  correclioiis. 

Take  a  =  0.2  in  tUU  ciise;  lliea  I  =  "*"     a  x  ■^"'     ~  ^  * 
lloDB.    Tiie  corrected  grade  b eights,  etc.,  will  be  as  follows: 


Corrected  Blevfttion  1M.4       154.8       155.4       IMS     '  IST.^ 

The  reaaon  for  ailding  the  corrections  iu  this  case  will  be  evi- 
dent from  n  figure. 

The  table  below  gives  the  corrections  in  feet,  for  certain  algt- 
braie  differtneei  of  grudienls  and  lengtiia  of  curve,  at  ititervala  of 
60  ft.  each  way  from  Ibc  vertex.  When  the  difference  of 
gradients  ia  plug,  Llie  correction  must  be  iublra^led  froBi  the 
original  grade  elevation  ;  when  the  difference  is  minvi,  the  cor- 
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Kction  must  be  added.  Similnr  tables  for  other  leoglbs  of  curve 
or  differences  of  gradients  maybe  computed  by  tlia  eugiaecT.  aud 
time  in  the  field  saved  by  their  use.  In  settitig  grade-stakes.  It 
will  be  well  to  set  them  50  (t.  apai-t  on  vertical  curves,  though  to 
allow  for  the  vertical  curve  at  each  rej^ular  statiou  will  suffice 
when  crosB-scctiouiog. 

288.  Eleration  of.  Outer  Rail  on  Corves.— In  138  it  wae 
showQ  that  the  siiperelevaliou  of  outer  over  inner  rail  might, 
for  standard  gauge  track,  he  given,  nearly  enough,  by  the  formula 


-  in  litis  formula  gives 

e  =  0,000058r'i> 

The  following  table  has  been  computed  by  formula  ^36( 

OF  OUTER   RAIL. 
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Since  grade-stakes  are  set  nt  the  edge  of  base  it  will  be  occes- 
sary  to  determine  the  difference  between  these  elevations  and  the 
elevations  of  center  line.  Calling  this  difference  ft,  the  hnlrbnse 
b,  imd  the  dlsianfe  between  centers  of  rail-heads  for  standard 
gauge  4.9  feet,  we  shall  liave,  from  similar  triangles, 

h  =  -^e=  0.3Jfl  (nearly) (361) 


If  the  Inner  rail  is  required  to  remair 

ft  =  0.2fe±0.5e, 

according  as  the  grade-stake  is  to  be  91 


it  grade  (301)  will  become 

(361') 

at  outer  or  inner  edge  of 
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Example. — What  will  be  the  value  of  h  when  e  =  .46,  the 
base  being  14  feet  ? 

By  (861),  A  =  0.2  X  7  X  0.46  =  0.64  feet.  The  outside  is  this 
much  higher  thau  the  center,  the  inside  edge  this  much  lower. 

The  superelevation  of  outer  rail  should  be  computed  for  the 
highest  speed  at  which  trains  are  to  be  run  over  the  curve;  the 
maximum  allowed  in  practice  rarely  exceeds  8  inches,  since  a 
greater  elevation  would  endanger  the  slow-running  freight  trains. 
Even  when  the  theoretical  superelevation  is  given  the  outer  rail, 
it  is  more  worn  than  the  inner  one,  either  because  there  are  other 
forces  acting,  or  because  of  the  sliding  action  of  the  outer  wheel 
due  to  imperfect  adjustment  where  the  original  coning  has  been 
destroyed  by  wear. 

Engineers  sometimes  elevate  the  outer  rail  1  inch  per  degree  up 
to  3°,  and  make  «  =  3J  Inches  for  a  4°  curve,  4  inches  for  a  5° 
curve,  and  4^  inches  for  a  6**  curve.     Still  other  rules  are  in  use. 

If  transition-curves  are  not  employed,  the  difference  of  ele- 
vation is  the  same  from  P.C.  to  P.T.j  fading  out  to  nothing 
on  tangent.  The  elevation  begins  on  tangent  from  100  to 
400  feet  back  of  P.C.f  depending  on  tjie  amount  the  outer  rail 
is  to  be  raised. 


Article   19.    Velociiit   Heads,    Grades,    Distance,   and 

Curvature. 

229.  The  Velocity  Head  of  a  train  in  motion  is  the  vertical- 
distance  through  which  it  would  have  to  drop  in  order  to  acquire 
the  velocity  at  which  it  is  moving  at  a  given  instant,  with  the 
expenditure  of  no  other  effort  than  that  required  to  overcome 
friction,  curvature,  and  such  other  resistances  as  would  have 
to  be  overcome  in  order  to  maintain  a  constant  speed  on  a 
level  grade.  Frictional  resistances  are  proportional  to  the 
weight  of  the  train,  but  the  velocity  head  is  not. 

The  formula  v^  =  ^/2gh  for  falling  bodies  applies  here,  but 
in  addition  the  train  possesses  a  certain  amount  of  kinetic 
energy  due  to  the  rotation  of  its' wheels,  so  that  a  percentage, 
sometimes  estimated  at  5%,  is  to  be  added  to  the  value  of 
h  found  from  above  formula,  though  to  neglect  it  will  be  to  stay 
on  the  safe  side.    Taking  the  acceleration  of  gravity,  g,  equal 
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to  .32.16  feet  per  second  per  second,  and  solving  the  formula 
for  hf  we  get 

.     V*  ft.  per  sec.     2.151V' m.  per  hr.     nnooAAirm 
* 64:32 61:32 =0.03344y»  ft., 

adding  5%  for  kinetic  energy  of  wheels,  0.0016772  (qq^^  ^^  gg^ 

/i  =0.0351172,     ......     (362) 

The  following  table  gives  values  of  h  for  velocities  varying 
by  one-mile  intervals  up  to  79  miles  per  hour,  computed  by  (362). 


VELOCITY  HEADS  IN  FEET  FOR  TRAIN  VELOCITIES  IN  MILES 

PER  HOUR. 

Vd. 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

9.0 

0 
10 
20 
30 

0.00 

3.51 

14.05 

31.60 

0.04 

4.25 

15.49 

33.74 

0.14 

5.06 

17.00 

35.96 

0.32 

5.93 

18.58 

38.23 

0.56 

6.88 

20.23 

40.58 

0.88 

7.90 

21.95 

43.01 

1.26 

8.99 

23.74 

45.51 

1.72 
10.15 
25.60 
48.08 

2.25 
11.38 
27.53 
50.72 

2.84 
12.68 
29.53 
53.42 

40 
60 
60 
70 

56.19 

87.79 

126.40 

172.04 

59.03 

91.32 

130.64 

178.99 

61.94 

94.94 

134.96 

182.01 

64.92 

98.62 

139.35 

187.10 

67.98 
102.38 
143.81 
192.26 

71.10 
106.21 
148.34 
197.49 

74.30 
110.10 
152.94 
202.82 

77.57 
114.07 
157.61 
208.17 

80.91 
118.12 
162.37 
213.61 

84.32 
122.22 
167.16 
219.12 

When  a  moving  train  changes  speed  from  V  to  V  miles  per 
hour,  the  increase  or  decrease  in  the  velocity  head  can  be 
found  from  formula  (362)  by  substituting  h—h'  for  h,  or  by 
taking  the  difference  of  the  velocity  heads  obtained  from  the 
foregoing  table.  Suppose  a  train  to  reach  a  summit  with 
a  velocity  of  12  miles  per  hour,  and  that  the  maximum  allow- 
able velocity  is  32  miles  per  hour.  What  will  be  the  total 
permissible  drop  on  the  succeeding  down-grade,  assuming  that 
the  engine  is  exerting  just  sufficient  force  to  overcome  rolling 
resistances  on  a  level  grade?  By  formula  (362),  or  by  the 
table,  we  get 

Velocity  head  for  32  miles  per  hour 35.96  feet 

Velocity  head  for  12  miles  per  hour. 5.06    ** 

Allowable  drop 30.90    '' 

The  distance  through  which  the  train  will  travel  while  acquir- 
ing its  additional  velocity  will  depend  upon  the  rate  of  grade. 
On  a  0.5%  grade  the  distance  would  be  6180  feet  for  the  case 
above  and  on  a  1%  grade  just  haK  of  this. 
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230.  Virtual  Grades. — When  a  train  approaches  an  ascend- 
ing grade  it  possesses  an  amount  of  kinetic  energy  proportio|ial 
to  its  weight  and  the  square  of  its  velocity.  For  the  simplest 
case,  which  will  be  very  nearly  true  for  ordinary  freight  trains, 
the  roUing  resistances  may  be  taken  as  being  proportional 
to  the  weight,  so  that  only  the  velocity  head  need  be  con- 
sidered in  computing  the  height  to  which  the  train  would  be 
lifted  by  virtue  of  the  kinetic  energy  it  possesses.  It  is  assumed 
that  the  draw-bar  pull  of  the  engine  remains  constant  through- 
out. The  frictional  resistance  is  very  nearly  constant  at  about 
8  pounds  per  ton  for  ordinary  freight-train  velocities,  but  in 
addition  there  are  internal  resistances  in  the  engine,  impact, 
and  atmospheric  resistances,  etc.    An  average  value  of  the 


A 


Fig.  121. 


draw-bar  pull  required  on  a  level  grade  in  order  to  maintain 

uniform  speed  may  be  taken  at  10  pounds  per  short  ton.    The 

grade  resistance  will  be  proportional  to  the  per  cent  of  grade 

and  equals  20  pounds  per  ton  for  a  1%  grade,  40  pounds  for 

a  2%,  10  pounds  for  a  0.5%  grade,  etc.,  as  a  simple  diagram 

similar  to  Fig.  66  will  show. 

The  virtual  profile  may  be  constructed  as  follows: 

In  Fig.  121  let  a  train  reach  the  foot  of  a  grade  at  B  with  a 

velocity  Y  for  which  the  velocity  head  h  is  represented  by 

BL  laid  off  on  a  perpendicular  to  the  horizontal  line  BQ,    Let 

BCDEFGK  represent  the  actual  grade  line  and  h^  the   velocity 

head  of  the  train  when  it  has  reached  G.    Let  H  —  GQ  be  the 

total  net  rise  between  B  and  G.    Hv  =  LN  is  the  total  rise  of 

tie  virtual  grade  line,   LM,   between  B  and  G,    From  the 

figure 

Ho  =  II-{-h-h. 

BG  represents  the  uniform  grade  hne  which  would  have  had 
the  same  effect  in  retarding  the  motion  of  the  train  while 
moving  from  B  to  G  as  has  the  actual  grade. 
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When  a  stop  is  made,  either  on  a  level  or  on  an  inclined 
grade,  the  virtual  grade  line  drops  to  the  actual  grade  line 
and  extra,  effort  must  be  expended  by  the  motive  power  in 
order  to  acquire  the  velocity  necessary  to  bring  the  virtual 
profile  back  to  the  point  it  would  have  had  if  no  stop  had  been 
made. 

The  virtual  profile  shows  why  the  ruling  grade  may  be  less 
than  the  actual  maximum,  provided  the  latter  is  short. 

TraflSc  is  not  usually  uniform  in  both  directions  on  a  rail- 
road, the  greater  tonnage  generally  flowing  in  one  direction, 
as  for  a  railroad  hauling  large  quantities  of  heavy  freight  to 
a  seaport  for  water  shipment,  while  the  return  freight  is  com- 
posed of  Ughter  supplies.  In  such  cases  the  ruling  grades, 
both  actual  and  virtual,  should  be  lower  in  the  direction  of 
heavy  traffic  than  in  the  reverse  direction. 

231.  Grades,  Distance  and  Curvature  are  factors  which 
'vitally  affect  the  cost  of  construction  and  operation  of  rail- 
roads, and  their  influence  should  be  kept  constantly  in  mind, 
not  only  by  the  constructing  engineer,  but  by  the  engineer 
who  is  charged  with  the  duty  of  making  preliminary  and  loca- 
tion surveys.  Heavy  grades  lessen  the  cost  of  construction, 
but  increase  the  cost  of  operation,  while  distance  affects  both. 
Curvature  increases  the  distance,  but  may  lessen  cost  of  con- 
struction; always  it  increases  cost  of  operation  and  danger 
of  accidents.  The  locating  engineer  should  endeavor  to  obtain 
as  close  an- estimate  as  possible  of  the  probable  future  traffic, 
for  an  increase  is  almost  certain,  and  he  should  make  his  loca- 
tion so  as  to  provide  for  this  as  far  as  possible,  consistent  with 
existing  conditions  and  the  finances  available.  Before  the 
grade-lines  are  laid,  these  considerations  and  estimates  should 
be  reviewed.  Sometimes  it  is  good  business  to  adopt  heavy 
grades  and  hght  construction  in  the  beginning  where  traffic 
will  be  hght,  and  later,  when  the  increased  traffic  justifies,  to 
cut  down  summits  and  fill  sags  while  the  road  is  in  operation. 

232.  Rtiling  Grades  are  those  which  fix  the  maximum  weight 
of  train  which  can  be  hauled  by  the  standard  unit  of  motive 
power,  usually  a  single  engine.  For  through  trains  the  max- 
imum tonnage  per  engine  is  fixed  by  the  maximum  tonnage 
for  the  heaviest  operating  division  on  the  line.  For  locals 
the  tonnage  imay  be  varied  for  each  division,  but  cars  may  not 
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ordinarily  be  set  out  or  picked  up  at  will  at  intermediate 
points.  The  maximum  grade,  If  long,  is  usually  the  ruUng 
grade,  but  if  short  may  exceed  the  latter  for  reasons  mentioned 
in  230. 

233.  Minor  Grades  arc  those  which  do  not  fix  a  maximum 
limit  for  the  tonnage  which  can  be  hauled  by  the  standard 
unit  of  motive  power.  These  may  be  so  light  that  it  is  not 
necessary  to  shut  off  the  power  when  running  down  grade,  in 
order  to  prevent  the  train  from  acquiring  a  dangerous  velocity, 
or  they  may  be  steep  enough  not  only  to  require  the  power 
to  be  shut  off,  but  to  necessitate  the  apphcation  of  brakes  also. 

A  loss  of  efficiency  occurs  when  brakes  have  to  be  applied, 
because  kinetic  energy  is  then  dissipated  in  heat.  Also  the 
engine  must  operate  intermittently,  and  not  at  its  greatest 
efficiency.  Even  shutting  off  the  power  causes  a  loss  for  this 
latter  reason.  A  train  on  a  level  grade  requires  about  10 
pounds  pull  at  the  draw-bar  per  ton  of  train  to  keep  it  moving 
uniformly,  and  as  the  effect  of  grades  is  to  increase  the  neces- 
sary effort  of  the  engine,  20  pounds  per  ton  for  each  per  cent 
of  grade,  it  is  seen  that  an  ascending  grade  of  0.5%  will  just 
double  thp  x)ull  on  a  level  when  ^e  same  ^peed  is  maintained. 

234.  Helper  Grades,  or  Pusner  Grades,  are  tnose  which 
exceed  the  ruling  grades  and  are  most  frequently  found  on 
mountain  routes.  The  cost  of  reducing  them  to  the  ruling 
grade,  either  by  development  of  the  hnc,  where  possible,  or 
by  heavy  cut  and  fill,  may  be  financially  uneconomical,  or 
beyond  the  resources  of  the  company  at  the  time  of  con- 
struction. A  second,  and  sometimes  even  a  third,  engine  is 
attached  to  the  train  at  these  grades  to  help  take  the  train 
up  the  grade.  If  no  helper  engines  are  used,  the  train  must 
be  taken  up  in  sections  and  the  sections  set  out  on  a  side  track 
until  the  last  one  has  been  brought  up.  This  is  not  economical, 
and  is  impossible  where  many  trains  are  being  operated  over' 
that  division. 

236.  Distance  affects  both  cost  of  construction  and  of  main- 
tenance and  operation  directly  as  the  length  of  line.  The 
ideal  railroad  would  be  straight  l)etween  terminal  points  and 
would  have  a  uniform  grade  throughout  its  length.  Only  for 
railroads  situated  on  nearly  level  coastal  plains,  or  in  old  dried* 
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Up  lake  basins,  can  this  ideal  be  even  approximated.  Other 
thing?  being  equal,  the  cost  of  construction  is  directly  pro- 
portional to  the  length,  and  therefore,  a  perfectly  straight 
line  is  desirable,  but  in  practice  this  leads  to  impossible  grades 
or  excessive  construction  cost,  or  both.  Curves  are  intro- 
duced to  avoid  heavy  grades,  but  these  increase  the  length  of 
the  line.  If  a  location  can  be  so  made  that  the  line  as  built 
oscillates  from  side  to  side  of  the  straight  line  joining  the 
termini,  this  increase  of  length  is  not  as  great  as  one  would 
ordinarily  expect,  however.  This  is  not  usually  possible,  and 
therefore  the  location  must  follow  such  lines  as  the  topography 
permits,  and  which  offer  the  best  balance  possible  of  the  several 
factors  which  the  locating  engineer  must  keep  constantly  in 
mind. 

286.  Curvature  increases  the  length  and  consequently  the 
first  cost.  Also  the  cost  of  maintenance,  because  it  is  more 
difficult  to  maintain  track  true  to  line  and  grade  on  curves, 
especially  in  cuts,  than  it  is  on  tangents.  Curves  are  especially 
objectionable  if  they  fall  on  bridges,  but  sometimes  this  can 
not  be  avoided.  Curves  increase  train  resistance  and  limit 
the  speed  of  passenger  trains  because  of  the  danger  of  derail- 
ment due  to  centrifugal  force.  Also  they  frequently  lead  to 
collisions  by  reasons  of  interference  with  the  vision  of  engine 
men. 

Sharp  curves  are  more  objectionable  than  easy  ones,  be- 
cause they  necessitate  greater  reduction  in  speed  and  con- 
sequent loss  of  energy  and  time.  The  use  of  transition-curves 
at  the  ends  of  easy  curves  ehminates  the  necessity  for  great 
reduction  of  speed.  The  total  resistance  due  to  a  curve  is 
proportional  to  the  total  angle  turned,  so  that  it  is  desirable 
to  keep  the  total  curvature  as  low  as  pos'^ible,  no  matter  how 
easy  each  individual  curve  may  be.  It  sometimes  happens 
that  curves  may  be  so  long  and  so  sharp  as  even  to  limit  the 
length  of  train  which  can  be  operated,  though  such  a  case  is 
comparatively  rare.  Before  the  introduction  of  the  consoli- 
dation, and  later  the  articulated,  type  of  engine,  the  degree 
of  a  curve  had  a  limit  due  to  the  character  of  the  engine  wheel- 
base. 

287.  Ciirve  Compensation. — Where  the  ruling  grade  would 
ocGor  on  a  eurvei  if  the  presence  of  the  latter  were  disregarded. 
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the  curve  must  be  compensated — that  is,  the  grade  must  be 
reduced  to  allow  for  the  resistance  due  to  the  curvature.  A 
heavy  train  rounding  a  10°  curve  will,  on  the  average,  assuming 
the  track  to  be  maintained  in  the  same  condition  as  on  tangents, 
encounter  about  the  same  amount  of  resistance  due  to  the 
curve  as  it  would  on  a  straight  level  track  when  constant 
speed  was  being  maintained,  or  the  equivalent  of  a  0.5%  grade. 
Therefore,  it  is  customary  to  reduce  the  grade  on  curves,  or 
to  "compensate  for  curvature,"  the  amount  of  compensation 
depending  upon  conditions.  The  resistance  due  to  curvature 
is  greater,  comparatively,  for  flat  curves  than  for  sharp  ones, 
and  is  also  greater  as  the  velocity  is  lower.  On  minor  grades 
compensation  is  not  so  important,  but  on  ruling  or  maximum 
grades  it  must  be  provided.  When  a  regular  stop  falls  on  a 
curve,  increased  compensation  must  be  provided,  because  of 
the  slow  starting  velocity.  Compensation  is  more  important 
for  heavy  freights  than  for  passenger  trains. 

The  following  approximate  values  may  be  used  when  making 
provisions  for  curvature  corrections: 

(a)  On  the  up-grade  side  of  a  regular  stop  for  heavy  trains 
allow  0.1%  reduction  per  degree  of  curve.  On  the  down- 
grade side  no  reduction  is  necessary  because  of  the  stop. 

(6)  As  a  general  rule  reduce  the  grade  0.05%  per  degree 
of  curve  up  to  about  8  or  10  degrees;  for  sharper  curves  make 
the  reduction  0.04%  per  degree. 

(c)  Where  the  compensation  computed  by  (6)  would  neces- 
sitate serious  increase  of  grade  on  tangents,  use  0.04%,  or 
even  0.03%  per  degree  of  curve  as  the  compensation. 

Many,  if  not  most,  of  the  railroads  located  during  the  earlier 
stages  of  railroad  construction  were  built  without  sufficient 
time  and  study  being  allowed  for  the  surveys,  and,  as  a  con- 
sequence, much  relocation  has  been  done  as  business  grew 
and  economy  of  operation  demanded.  By  such  relocations 
a  great  deal  of  curvature  has  been  eUminated,  heavy  grades 
cut  down  and  many  down-grades  on  lines  nmning  from  a 
lower  to  a  higher  terminus  removed. 

Article  20.     Earthwork. 
A.     Setting  Siope-stakes 

238.  Slope-stakes  arc  set  at  the  i)oints  where  the  side  slopes 
meet  the  ground-surface,  to  mark  the  limits  of  the  excavation 
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or  embankment,  and  to  show  the  constructor  what  the  cut 
or  fill  must  be.  In  Fig.  122,  KAE  represents  the  ground- 
surface,  HBC  the  grade- 
rs «  c. 


K A E 


h 


,.B 


Fig.  122. 


surface.     Let  AB=h  be    r^^ 
the   center   height.     Let 

j^=s  be  the  side  slope, 

which  varies  with  the  na- 
ture of  the  material;  for 
earth-excavation  the  side 
slope  will  average  about  1 

to  1,  sothats  =  l,  while  for  ordinary  earth-embankment  it  will 
average  about  IJ  to  1,  so  that  s  =  lj.  The  side  height  for  level 
sections  is  tjie  same  as  the  center  and  may  be  found  for  any  sec- 
tion, so  that  the  distance  LH  is  required.  From  the  equation 
defining  «,  HL=KLs=hs.  Let  the  base  HC =2h;  the  "distance 
out"  from  center  is 

d.o  =  BL  =  b  -\-  hs, 

239.  Surface  Inclined. — Where  the  ground  slopes  transversely 
the  position  of  the  slope-stake  cannot  be  four.d  from  the  center 
height  unless  the  slope  of  the  ground-surface,  as  well  as  the  side 
slope,  is  known.  The  slope-stakes  can  be  most  easily  and 
rapidly  set  by  trial. 


Fia.  123. 

In  Fig.  123,  FAK  is  the  ground-surface,^^  =  ^  the  fijl  at 
the  center.  We  have  to  find  ihe  distances  out  of  ^nud  F  from 
A,  and  the  side  heights  ME=:  hi ,  and  NF=  7^a.  Let  OP  rcnre- 
sent  the  plane  of  the  instrument  at  a  height  H.I.  above  the 
datum,  obtained  from  the  known  elevation  of  a  bench  or  turn- 
ing-point. PB  is  the  height  of  the  plane  of  the  instrument  above 
the  grade.     Call  PB  the  Station  Constant  (».c.). 
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The  fill  at  A  will  evidently  equal  the  rod  reading  less  the 
stnUon  constant.    Mark  this  on  the  center  stake. 

Since  the  ground  slopes  downward  from  A  to  E,  the  distance 
out  will  be  greater  than  for  a  level  section,  while  for  F,  on  the 
higher  side,  it  will  be  less. 

Suppose  we  take  a  reading  QKviX  a  distance  out  =  b-\-?i8  ;  the 
fill  ut  that  point  is  LK  —  QK  —  QL  =  r  —  s.c,  and  the  corre- 
sponding distance  out  is  d.o.  =  b-{-  KL  X  «,  which  is  greater 
than  All,  since  LK  is  greater  than  h.  If  now  a  reading  is  taken 
at  the  distance  out  h-\-$  X  LK,  we  shall  have  a  fill  greater 
than  LK,  unless  the  ground  is  level  from  ^to  E,  and  therefore 
d  -f  s  X  LKy  the  distance  out  actually  used,  will  be  less  than 
that  called  for  by  the  reading.  However  we  shall  have  obtained 
a  closer  approximation  to  the  position  of  E,  and  by  repetitions  of 
this  process  may  come  as  close  to  its  true  position  as  the  con- 
ditions require. 

The  same  thing  can  be  accomplished  more  rapidly  by  estimat- 
ing the  fall,  by  the  eye,  from  -4  to  a  point  h  -\-  hiS  out,  then  mul- 
tiply this  estimated  fall  by  the  slope  and  add  to  b-\-  hs.  Take  a 
reading  r  at  this  distance  out;  then  compute  the  d.o.  for  the  fill 
r  ^  8.C.  and  note  if  this  agrees  with  the  actual  d.o.  If  it  does 
not,  make  a  new  trial  with  this  reading  as  a  guide. 

For  ordinary  work  the  actual  and  computed  distance  out  should 
be  such  that  if  the  rod  were  held  at  the  computed  distance  the 
new  distance  would  not  differ  more  than  a  tenth  from  that  just 
computed.  The  stake  is  then  set  at  the  computed  distance  out. 
After  a  little  practice  it  will  be  found  that  the  second  setting  of 
the  rod  may  usually  be  made  to  fall  as  close  to  the  tme  ix>sitioa 
as  the  limit  requires. 

When  the  stake  is  marked  and  driven  the  cut  or  fill  at  that 
point  and  the  distance  out  are  recorded  in  the  notes. 

As  an  example  suppose  2h  =  14  feet,  #  =  1 J  (i.e.,  slope  1 J  to  1), 
//./.  :=  187.3,  grade  elevation  =  184.0.  The  station  constant  is 
s.c.  =  187.3  —  184.0  =  3.3.  Suppose  the  rod  at  center  to  read 
8.5  ;  the  fill  will  be  8.5  —  3.3  =  5.2,  which  mark  on  stake  as 
*'  F.  5.2. "  The  distance  out,  if  section  were  level,  would  be  d»o,  = 
7 -f  5.2  X  1.5=  14.8;  but  suppose  the  ground  nses  and  we  esti- 
mate the  rise  as  1  foot,  which  multiplied  by  s  gives  1.5  feet  to  be 
subtracted  from  14.8,  since  this  is  on  the  higher  side  of  center 
for  a  section  in  embankment.  Let  the  reading  at  13.3  out  be 
7.7,  which  gives  a  fill  of  7.7  -  3.3  =  4.4  feet,  calling  for  a  d,o.  = 
7_i_  4.4  X  1.5  =  13.6.      This  shows  we  are  too  far  in,  but  as  a 
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readlDg  further  out  will  be  less,  giving  a  correspondingly 
smaller  d.o,,  we  try  a  reading  at  13.5  feet  out.  Suppose  the  read- 
ing to  be  7.6;  the  fill  will  be  7.6  -  3.3  =  4.3,  calling  for  a  distance 
out  of  13.45  feet,  which  agrees  almost  exactly  with  the  trial  dis- 
tance. The  stake  is  marked  '*  F,  4.3,"  and  the  result  recorded 
in  the  cross-section  book. 

Ou  the  other  side  of  the  section  suppose  we  estimate  the  fall  to 
be  1.6  feet  in  15;  we  should  try  a  reading  at  13.8  +  1 .5  x  1.5  =  16.1, 
say  16.0  feet  Let  this  reading  be  9.0  ;  the  fill  will  be  9.0  -  3.3 
=  5.7  feet, calling  for  a  d.o.  =  7  -f  5.7  X  1.5  =  15.6,  whicji  shows 
our  reading  was  taken  too  far  out.  Try  a  reading  at  15.4,  which 
suppose  8.9 ;  the  fill  is  8.9  —  3.3  =  5.6,  aud  the  d.o,  =7  +  5.6 
X  1.5  =  15.  4,  which  agrees  exactly  with  the  trial  distance. 
"In  excavation  the  method  of  proceeding  is  the  same  as  in  em- 
bankment, except  that  8  has  generally  a  different  value.  For  solid 
rock  8  is  usually  i,  that  is,  the  slope  is  taken  as  ^  to  1;  for  loose 
rock,  gravel,  and  ordinary  earth  the  slope  may  be  taken  as  1  to  1. 

The  station  constant  in  cuts  is  always  positive,  and  the  rod 
reading  has  to  be  subtracted  from  it  to  obtain  the  out. '  In  fills, 
when  the  H,L  is  greater  than  the  grade  height,  the  fill  equals  the 
difference  of  the  rod  reading  and  the  station  constant.  When 
the  HL  is  le88  than  the  grade  height  the  rod  reading  plus  the 
s,e.  gives  the  fill. 

• 

240.  The  Notes  may  be  kept  in  the  form  below,  which  repre* 
sents  one  page  of  the  cross-section  book.  The  cut  or  fill  is  written 
above  the  line,  the  distance  out  below.  A  plus  sign  indicates  f» 
cut,  a  minus  sign  a  fill  ' 


Sta. 

161 

162 

4-20 

4-48 

4-66 

168 


Ground. 

Grade. 

178.8 

184.0 

181.6 

183.0 

182.2^ 

• 

182.5  ' 

188.5 

• 

185.0 

18.2.0 

Left. 

Center. 

-  4.4 

13.tt 
-0.8 

ii.2 

0.0 

9.0 
4-0.9 

9.9 
4-2.4 

11.4 
4-4.4  4-2.8 

-  5.2 

-  1.4 
-0.6 

0.0 
4-1.2 
+.3.0 

13.4      10.0 

Right. 


-.5.6 

15.4 

-2.0 

10.0" 

-1.0 

8.5" 

-0.4 

7.6 

0.0 

9.0 

4-4.3  4-2^6 
6.1       ll.C 
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241.  Irregular  Sections. — When  readings  are  taken  only  at 
tlie  center  and  sides  it  is  termed  a  *' three-level  section."  Very 
irregular  ground  may  require  several  more  readings  in  order  to 
determine  its  area  ;  in  this  case  a  readiug  is  taken  at  each  change 
of  surface  in  the  section,  and  the  cut  or  fill,  together  with  the  dis- 
tance out,  recorded — the  distance  being  measured  from  the  center 
to  the  point  where  the  rod  was  lield  in  taking  (he  reading. 

When  the  base  cuts  the  ground -surface  the  section  is  partly  in 
excavation  and  partly  in  embankment,  but  each  side  will  be 
staked  out  in  the  manner  described  above.  The  distance  of 
grade-point  from  center  must  be  found  and  recorded. 

242.  Staking  Out  Openings. — Where  openings  are  to  be  left 
for  trestles,  culverts,  and  other  structures,  stakes  must  be  set  to 
mark  the  limits  of  the  embankment.  Stakes  marked  T.  B.  are 
set  at  the  center  and  sides  to  fix  the  place  where  the  top  of  bank 
is  to  end ;  other  stakes,  marked  F.  S.,  are  set  at  the  foot  of  slope, 
the  plus  at  which  they  fall— together  with  the  distance  out  from 
center — being  recorded  in  the  note-book.  The  slope  of  the  toe 
of  dump  should  be  the  same  as  the  side  slope. 

243.  Marking  Stakes.— All  sloi>e  and  toe  stakes  that  limit 
excavation  or  embankment  should  be  driven  with  tops  inclined 
outward  from  the  center.  The  cut  or  fill  is  marked  on  inside  in 
plain  figures  preceded  by  the  letter  C.  or  F.  as  being  more 
easily  understood  by  the  contractor  than  the  plus  and  minus 
signs  used  in  the  notes.  The  reverse  side  should  bear  the  station 
number. 

244.  Shrinkage— Qxowth. — It  must  be  remembered  that  earth- 
work in  embankment  will  settle,  or  shrink  in  volume,  even  after 
having  been  compacted  by  the  feet  of  the  teams  during  construc- 
tion. Where  the  fill  is  not  great,  allowance  may  be  made  for 
Ghrinkage  when  setting  grade-stakes,  but  in  heavy  fills  allowance 
should  be  mnde  when  the  stakes  are  set  for  construction.  The 
proper  allowance  will  vary  with  the  nature  of  the  material,  but 
about  10  per  cent  will  be  a  fair  average.  The  contract  should 
always  specify  the  amount  of  shrinkage  to  be  allowed  on  par- 
ticulai  works.  If  the  earth  is  measured  in  the  borrowpits,  an 
equivalent  allowance  should  be  made,  since  earth  is  more  com- 
p»ict  in  embankment  than  before  excavating. 

With  rock,  however,  it  is  found  that  the  volume  increases 
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after  excavation,  and  this  increase  is  termed  growth.  The  size  of 
the  fragments  will  determine  the  growth,  which  will  vary  from 
one  half  to  five  eighths  of  the  original  volume — the  larger  the 
fragments  the  greater  the  increi&c.  Little  or  no  allowance  need 
be  made  for  settlement  when  placed  in  embankment. 

246.  Borrow-pits  should  be. regular  in  form,  particularly  if 
the  volume  of  earth  moved  is  to  be  measured  in  the  borrow-pit. 
They  should  be  properly  drained  to  preveut  water  standing  in 
them  and  should  have  an  ample  berm  between  edge  of  pit  and 
foot  of  slope,  the  width  of  berm  increasing  with  the  height  of 
embankment. 

B,  Areas  of  Sections, 

246.  Before,  the  volume  of  earth  in  excavation  or  embank- 
ment can  be  computed  the  area  of  each  cross-section  must  be 
found.  To  do  this  divide  the  section  into  triangles  and  trape- 
zoids, find  Ihc  urea  of  each  separately,  and  take  the  sum.  To 
shorten  the  calculations  a  few  simple  rules  will  be  deduced. 

When  the  center  and  side  heights  are  equal  we  have  a  one- 
level  section;  when  the  center  and  side  heights  differ  it  is  a 
three-level  section  j  where  the  height  is  found  at  five  places  in 
the  section  it  is  a  five-level  section;  and  so  on. 

247.  To  Find  the  Area  of  a  Three-level  Section. 


Fig.  124. 


In  Fig.  124  the  area  ABCDF  is  required.  Draw  EA  and  EG, 
dividing  the  area  into  four  triangles.  With  the  notation  of  the 
figure  it  is  seen  that  triangles  (1)  and  (2)  have  equal  bases  b  and 
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altitudes  Hi  and  hx ,  while  (3)  and  (4)  have  the  common  base  7i^ 
and  altitudes  Di  =  ft  +  -ffi «  and  di  =  h-\-  fiiS,    By  geometry, 


Area  (1)+ (2)  =  6 


2 


Area  (3)  +  (4)  =  k.^'^  =  7.,^+J^  +  ^'. 
The  area  of  the  whole  section  is  therefore 

A  =  i?l+±'  +  k.^J-+^  =  b?4-''  +  U.^J^+^.  (363) 
«  <^  2  M 

This  formula  affords  an  easy  method  of  obtaining  the  area  of  a 
three-level  section,  and  when  written  in  words  becomes  the  follow- 
ing 

KuLE. — Multiply  the  half -sum  of  the  side  heights  hy  the  Tialf-haw 
and  to  this  add  the  product  of  the  center  lieight  hy  tJte  half -sum  of 
the  distances  out;  the  result  will  be  the  area. 

If  the  linear  measurements  are  in  feet,  tbe  area  will  be  in 
square  feet. 

When  ffi=hi=  7io ,  then  Di  =  di  =  d  =  h-\-  7io8  and  (363)  re- 
duces to 

A  =  bho-\-  hod  =  7io{b  +  d)  =  7io(2Z>  -f  hos),     .  ^.    (364) 

The  section  is  now  a  trapezoid  or  one  level  section  for  which 
(322)  maybe  deduced  by  the  usual  rule  for  the  area  of  a  trapezoid. 

248.  Area  of  Five-level  Section. 

Fig.  125  represents  this  case,  where  we  may  evidently  divide 


B  ^ c 


I* Dr — ^-di->j    ' 

^, ->K -eH— 

Fia.  125. 


the  area  into  triangles  and  trapezoids,  computing  the  area  of 
eacli  separately  and  taking  their  sum  lor  the  whole  area.  Th^ 
following  simpler  method  may  be  preferred; 
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Write  the  coordinates  of  successive  angular  points  of  the 
polygons  on  left  and  right  of  center  as  shown  below,  the  figures 
above  the  line  being  ordinates  and  those  below  abscissas.  The 
COordinateB  of  L  and  ^are  zero  and  b\  those  of  ^both  zero. 


Beginning  at  the  center,  multiply  heights  by  distances  out  in 
pairs  as  indicated  by  the  sloping  lines,  the  products  of  members 
connected  by  full  lines  being  plus  and  of  those  connected  by 
dotted  lines  minus.  Half  the  sum  of  the  products  will  be  the 
area,  thus: 

^  ■"  2L\+  hod,  +  h,d^  +  ^a&y     VO  +  d,h^  +  0  / J  •  ^^^^^ 

The  grouping  is  symmetrical  for  areas  each  side  of  center,  as 
(323)  exhibits;  so  it  will  be  sufficient  to  show  that  the  rule  is  cor- 
rect for  either  side.  Divide  the  figure  into  trapezoids  and  tri- 
angles as  shown;  then 

Area  trapezoid  BCKM  =  J(Ao  +  Ei)Di , 

ABMN=  \{Hx  +  ^a)(/>a  -  Dx\ 
triaugle  ALN       =  J^a(J[>a  -  h). 


ti  it 


The  two  trapezoids  include  the  triangle  ;  hence  the  latter  must 
be  subtracted  from  their  sum.  Doing  this  and  simplifying,  we 
have 

Al  =  lihoDx  +ExD2''  D1R2  +  E^b), 

which  is  the  same  as  results  in  (323). 

249.  General  Formula  for  Areas. — The  method  of  248  may 
be  applied  to  any  section  no  matter  how  irregular.  Suppose 
there  have  been  n  levels  taken  on  one  side  exclusive  of  the  center 
height;  the  notes  would  appear  as  below; 

ho       lit        ?h^  ^n-l        hn        0 

0       di       di    '  '  '   dn~i      d^      b 

Expanding  in  the  same  manner  as  in  219, 

Ar  =l[{hodi-{-hidi-\-    .  .  hn-idn-\-7inb)-{d,hi-{-  .  .  .  rfn-l^n)].(366). 

To  show  that  (324)  gives  the  true  area,  consider  that  we  have  n 
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trapezoids  whose  area  is  positive,  aud  one  triangle  whose  area  is 
negative  and  equal  to  i  hn{dn  —  b). 
Writing  out  the  area,  we  have 

Ar  =  i[{ho  ■\-/h)dx  +  {h  +  h^){d^  -  d^) 

+  .  .  .  (/tn-l  +  ^)idn  -  (in-l)  —  hn{dn  -  b)]. 

Perforniiug  the  indicated  operations  aud  simplifying, 

Ae  =  i[{hodi-\-7iidu  +  .  .  .  +  ^i'n-idn-\-  hfijb)—{diht .  .  .  +  df»-i/tn), 

which  is  the  same  result  ol)tained  in  (866). 

Evidently  n  may  have  any  positive  integral  value. 

If  preferred,  the  cross-sections  may  be  plotted  on  cross-section 
paper  aud  the  area  read  off  by  means  of  a  planimeter. 

260.  Tables   of  Areas   of  Level  Sections,  and  the  Three- 
level   Correction. — Formula  (364)  may  be  employed  in  com 
puting  the  areas  of  level  sections  for  auy  values  of  b  and  8, 

Table  XVII  gives  the  areas  for  a  few  of  these  values.  When 
many  sections  are  to  be  figured  it  will  be  well  for  the  engineer  to 
compute  the  necessary  tables,  provided  he  is  unable  to  secure 
published  ones  for  the  particular  bases  aud  slopes  he  is  working 
with.  It  is  not  within  the  scope  of  this  volume  to  give. the 
variety  of  tables  needed;  they  are  published  elsewhere. 

The  area  of  three-level  sections  may  be  found  from  the  areas  of 
level  sections  by  the  aid  of  a  suitable  correction.  Let  the  height 
used  in  entering  the  tables  of  level  sections  be  the  mean  height  of 

the  three-level  section,  7ifn  =  — j-" -*;  the  corresponding 

area,  by  (322),  is 

A'  =  hU2b  +  7lmS)  =  2bhm  +  7ln^8 (a) 

The  true  area  is  given  by  (321): 

4                                        4 
=  2bhni  +  2hohmS  -  h^U (5) 

From  equations  (a)  and  (b)  the  correction  is 

e  =  A'  -  A  =  (hm'  -  2hohm  H-  7io*)s  =  (h„,  -  h^ys,  (367) 
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Table  XVIII  was  computed  by  (367),  and  gives  values  of  e 
which  are  always  positive,  and  which  must  be  subtracted  from 
the  tabular  area,  found  by  eutering  the  table  with  the  mean 
height  of  section,  in  order  to  get  the  true  area. 

Example.— The  side  heights  for  a  fill  haviug  a  14  ft-  base  and 
sidu  slopes  If  to  1  are  8.6  aud  16.4  feet,  while  the  center  height  is 
7.7  ft.    The  meau  height  is 

4 

for  which  Table  XVII  gives  A'  =  294.4  sq.  ft.     For  the  correc- 
tion, hn  -  7io  =  10.1  -  7.7  =  2.4  ft.,  for  which  Table  XVIII 
gives  c  =  8.6  sq.  ft. 
The  true  area  is  now  A  =  294.4  —  8.6  =  285.8  square  feet. 


C,  Volume  of  Earthwork. 

251.  Cross-sections  must  be  taken  at  all  full  stations  and  at  in- 
termediate points,  or  pluses,  where  there  is  a  change  in  longitudi- 
nal slope.  It  will  be  well  in  any  event  to  take  them  so  close 
together  that  the  difference  in  end  heights  should  not  exceed 
about  five  feet.  The  time  consumed  in  making  these  intermediate 
measurements  will  be  more  than  offset  by  the  reliability  of  the 
results.  A  few  of  the  more  usual  methods  of  estimating  quan- 
tities will  be  given  here. 

252.  Averaging  End  Areas.— This  is  the  easiest  of  application 
and  therefore  the  most  generally  used,  but  is  open  to  the  objec- 
tion that  it  gives  inaccurate  results.  However,  when  bids  are 
based  upon  it,  both  parties  to  the  contract  agreeing,  it  would 
seem  to  answer  as  well  as  any  other  method. 

If  ^i  aud  -4a  are  the  end  areas  aud  I  the  length,  we  shall  have 

F=  -^ 1 (368) 

Stated  in  words,  (326)  yields  the  following 

Rule. — Muttiply  the  half-sum  of  tJie  end  areas  by  the  axial 
length  ofprismoid  ;  the  result  will  be  the  volume. 

If  areas  are  in  square  feet  and  length  in  feet,  the  volume  will 
be  in  cubic  feet ;  to  reduce  to  cubic  yards  divide  by  27. 
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253.  Prismoidal  Formula. — The  parallel  sectlous  should  be 
so  tiiken  that  the  surface  bounding  the  volume  to  be  measured 
may  be  supposed  to  be  generated  by  a  straight  line  moving  on 
the  bounding  lines  of  the  sections  as  directors  in  such  a  ninnner 
as  to  return  to  its  original  position.  Such  a  figure  is  called  a 
vrismoid. 

Tiie  height  of  any  section  intermediate  between  the  end 
sections  is  a  function  of  its  distance  from  either  end,  and  the 
area  of  that  section  will  be  a  quadratic  function  of  its  distance 
from  either  end. 

Now  we  know  from  mechanics  that  Simpson's  (Newton's)  Rule 
will  hold  for  any  function  not  higher  than  the  third  ;  so  for  the 
mean  area  this  rule  yields 

Mean  area  =   ■ — -^ — ■ , 

6 

where  Ax  and  A^  are  the  end  areas,  Am  the  middle  area ;  heiHse 
we  have  for  the  volume 

F  =  (.1,  +  ^Am  +  ^a)-^.       .    .    .     (369) 

In  which  I  is  the  axial  length  of  prismoid. 

The  same  result  may  be  obtained  geometrically  by  dividing  the 
prismoid  into  prisms,  wedges,  and  pyramids,  and  applying  the 
usual  rule  for  volumes. 

Let  the  end  areas  be  ai ,  aa,  «i',  ^a',  etc.,  and  the  mid-areas 

dm,  0,m  f  etc. 

For  the  prism  ai  =  aa  =  «m;  hence  the  volume  is 

I 
V  =  ail  =  (rtj  4-  4am  +  «a)^ W) 

For  the  wedge  a/  =  2«m'  and  a^'  =  0;  therefore 

©'  =  a,'~  =  ia^'  -f  4rtm'  -f  ^«')g'      ...     © 

For  the  pyramids  a/'  =  4am"  and  aa"  =  0;  hence 
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Adding  (a),  (b),  and  (c),  the  total  volume  is 
F  =«+»'  +  «" 

=  [(ai+ai'+a/')+4(am-h«m'+am")+(a«+a«'+a«")]-g     •    W 
But  ai  +  «/  +  «i"  =  ^1 

and  aj  + ««'  -K«a"  =  -4a ;  . 


therefore  F=  (^i  +  4^m  +  ^a) 


6' 


the  same  as  (369). 

Stated  in  words  there  results  the  following 

Rule. — To  tTie  sum  of  tJie  end  areas  add  four  times  the  mid-area 
multiply  by  the  length,  and  divide  by  6.     2'hs  result  will  be  the 
volume. 

To  reduce  to  cubic  yards,  divide  by  27. 

Formula  (369)  contains  three  terms,  the  middle  area' being 
derived  from  the  cross-section  notes  for  the  end  sections  at  the 
expense  of  some  little  trouble.  In  the  attempt  to  simplify  this 
formula  Dr.  George  Bruce  Halsted  in  1881  published  a  two-term 
prismoidal  formula,  giving  the  volume  in  terms  of  one  base  and 
a  section  at  two  thirds  of  the  length  of  the  prismoid,  the  formula 
being 

V=(A^  +  3^1)  I  =  (3^4  +  A,}^.  .     .    .    (370) 

In  1894  Professor  W.  H.  Echols  showed  by  the  aid  of  >iigher 
mathematics  that  an  indefinite  number  of  two-term  formulae 
might  be  derived.  The  same  results  were  established  in  1895  by 
Professor  T.  U.  Taylor  by  elementary  mathematics. 

None  of  these  two-term  formulae  have  so  far  been  placed  in  a 
form  suitable  for  application  to  earthwork  measurement,  owing 
to  the  ditficulty  of  finding  the  area  of  the  auxiliary  section. 

In  fact  the  only  objection  to  the  use  of  (327)  is  the  loss  of  time 
required  in  obtaining  the  mid-area  and  the  uncertainty  as  to  its 
accuracy  in  the  case  of  very  irregular  sections. 

For  three-level  ground  we  may  construct  a  section  having 
heights  that  are  means  between  corresponding  end  heights,  but 
for  very  irregular  sections  there  may  be  uncertainty  as  to  w*jat 
heights  must  be  averaged  to  obtain  the  mid  section  heights.  For 
any  other  than  the  mid-sections  the  heights  are  obtained  with 
more  difliculty. 
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254.  Form  of  Notes. — The  record  of  areas  and  volumes  may 
be  kept  in  the  form  below,  which  represents  the  cross-section 
book, with  the  necessary  columns  added. 


Sta. 

Ground 

Grade. 

• 

91 

188.5 

182.0 

92 

185.4 

181  0 

03 

ISO.O 

180.0 

94 

173.0 

179.0 

4-6^2 
15.2 

Ai.\ 
13.1 

-f  2  0 
U.O 

^  l.O 
10.0 
0.0 

9.0 
-2  1 

10.2 
-4  2 

13.3 


C. 


-1-6.5 


+  5.3 


+4.1 


+2.1 


0.0        'iL^ 


-3.0 


-6.0 


R. 

+81T 

17.9 
+  7.6 
16.5 
+6.1 
15  1 
+  8  0 
12.0 
0.0 

9.0~ 

-4.3 

13.5 

-8.6 

19.9 

End 
aivtis. 

Mid- 
areas. 

Exo, 
cu  yds. 

+  175.53 

+89.96 
0.0 

-144.40 

+130.64 

+41.10 
-57.95 

486.4 
158.8 

Emh. 
cu.yds. 


283.3 


If  the  method  of  averaging  end  areas  is  employed,  the  column 
of  inid-nreas  will  not  be  needed,  and  may  even  be  omitted  when 
computing  by  the  prismoidal  formula.  In  this  case  the  notes  for 
mid-section  and  the  mid-area  should  be  written  in  red  ink. 

An  office  record  should  be  kept  iu  addition  to  the  record  in  the 
'jross-section  book,  to  wiiich  it  will  not  be  necessary  to  transfi-r 
the  elevations  of  ground  and  grade.  If  preferred,  the  areas  and 
volumes  may  be  kept  oniy  in  the  office  record,  omitting  them  iu 
the  cross-section  book. 


255.  Prismoidal  Correction. — The  time  and  labor  required  lo 
obtain  the  area  of  the  mid-section  makes  the  use  of  the  prismoidal 
formula  objectionable;  for  ihis  reason  the  method  of  averaging 
end  areas  is  most  ofien  employed.  The  difference  in  tlietwo 
methods  will  not  be  great,  provided  the  difference  in  end  heights 
is  not  over  3  or  4  ft.;  it  should  never  exceed  5  ft. 

When  the  difference  exc  eeds  this  a  considerable  error  is  Intro- 
duced  by  the  use  of  (320).  It  will  genemlly  be  sufficieut  to 
average  end  areas  and  then  apply  a  correction  if  the  result  must 
be  free  from  large  errors. 

(a)  Correction  for  Level  Sections. — Between  two  level  cud 
sections  the  volume  is  made  up  of  one  prism,  one  wedge,  and  two 
pyramids.     For  the  prism  and  wedge  the  true  volume  is  given  by 
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averaging  end  areas,  but  for  the  pyramids  the  error  is  easily 
shown  to  be 


2(Ho  -  7io){H^  -  7io)8l  I        I 


2 


cubic  feet. 


or 


0  =  {Ht^-hnY  s^—-^  cubic  yards.     . 

o  X  *• 


(371) 


The  table  below  gives  the  correction  C  in  cubic  yards,  com- 
puted by  (371),  for  a  few  values  of  H^  —  h^ ,  when  «  =  1  and  I  = 

Is 
100  i  for  any  other  length  and  slope  multiply  by  r^. 


TABLE 

OF  PRI8MOIDAL 

CORRECTIONS  FOR  LEVEL  SECTIONS. 

Hfi  —  Hq. 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.2 

0.2 

0.8 

0.4 

05 

1 

0.6 

0.7 

0.9 

1.0 

1.2 

1.4 

1.6 

1.8 

2.0 

2.3 

2 

2.5 

2.7 

3.0 

3.3 

3.6 

3.9 

4.2 

4.5 

4.8 

5.2 

8 

5.6 

5  9 

6.3 

6.7 

7.1 

7.6 

8.0 

8  5 

8.9 

9.4 

4 

9.9 

10.4 

10.9 

11.4 

12.0 

12.5 

13.1 

13.6 

14.2 

14.8 

5 

15.4 

16.1 

16  7 

17.3 

18.0 

18.7 

10.4 

20.1 

20.8 

21.5 

6 

22.2 

23.0 

23.7 

24  5 

25.3 

26.1 

26.9 

27.7 

28.5 

29.4 

7 

30.2 

31.1 

32.0 

32.9 

33.8 

34.7 

35.7 

36.6 

37.6 

38.5 

8 

39.5 

40.5 

41.5 

42.5 

43.6 

44.6 

45.7 

46.7 

47.8 

48.9 

9 

50.0 

51.1 

52.2 

58  4 

54.5 

55.7 

56.9 

58.1 

59.3 

60.5 

10 

61.7 

63.0 

64.2 

65  5 

66.8 

68.1 

69.4 

70.7 

72.0 

73.3 

11 

74.7 

76.1 

77.4 

78.8 

80.2 

81  6 

83.1 

84.5 

86.0 

87.4 

12 

88.9 

90.4 

91.9 

93.4 

94.9 

96.5 

98.0 

99.6 

101.1 

108  7 

13 

104.3 

105.9 

107.6 

109.2 

110.8 

112.5 

114.2 

115  9 

117.6 

119.3 

14 

121.0 

122.7 

124.5 

126.2 

128.0 

129.8 

131.6 

133.4 

185.2 

137.0 

15 

138.9 

140.7 

142.6 

144.5 

146.4 

148.3 

150.2 

152.2 

154.1 

156.1 

(b)  Correction  for  Three-level  Sections. — Formula  (371)  or 
the  foregoing  table  may  be  used  in  determining  the  correction 
for  three-level  sections  when  these  sections  are  somewhat  similar 
and  the  corresponding  heights  not  very  different.  A  general 
formula  may,  however,  be  derived. 

Let  the  center  and  side  heights  at  one  section  be  Ho,  Hi.  and 
Hi,  respectively,  and  let  the  distance  between  slope-stakes  be 
W  =  Di  -\-  D-i,  let  the  corresponding  heights  at  the  other  end 
section  be  h^,  hi,  and  h^  with  a  distance  between  slope  stakes  of 
w  =  di  -\-  d'i. 

By  formula  (321)  the  areas  will  be: 


b  W 

Area  at  first  end  =  -(Hi  +  H^)  -h  -^H^^, , 


(«) 
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Area  at  second  end  =  »(/ii-|-^)  +  o/io,     ...     (5) 
4Xmid  area  =  4j^2\-^— +-2-J4-2.^— .^— J 

==h{Hi+h+H2+h)-\-(W-{-w)^^^^\    .     .    (c) 
From  (a),  (&),  and  (c)  the  volume  by  the  prismoidal  rule  is 

From  (a)  and  (6),  by  averaging  end  areas, 

=  [mHi'hhi-\-H2+h2)+WHo+>ho]X^ (c) 

From  (d)  and  (e)  the  correction  is 

r'-r  =  [^(^o-/io)+|(/io-Ho)]-^ 

=  (/yo-Ao)(TF-ir)X^cu.ft.       .     .     (372) 
The  correction  in  cubic  yards  is 

C^(Ho-ho)(W-w)Xj^^;       .    .    .     (373) 

when  I  =  100, 

C=O.Sl(Ho~ho)(W-w) (3730 

This  correction  may  be  either  positive  or  negative. 

Example. — Compute   the   correction  for  the  two  prismoids 
below 

Sta.  L.  C.  R. 

1^ uT     +^'^     i5:6- 

1A1  +10.8        ,  ^  ^         +11.2 

1^1 "1978"       +^-^         "20:2" 

1^2 14:2"     +^-^     to; 

For  the  prismoid  between  160  and  161 

C=(3.0-7.0)(30.0-40.0)Xj2^^^27'""^^^-^  ^^'  ^^' 

For  the  prismoid  between  161  and  162 

100 
C  =  (7.0  -  9.0)  (40.0- 28.0)  Xj^^^=- 7.4  cu.  yds. 
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When  the  correction  C  ia  positive  it  must  be  sublracled  from, 
and  when  negative  atlded  to,  tte  volume  aa  found  by  sversginK 
end  sl'eae;  this  is  evident  from  (372).  C  will  be  negative  when 
the  smaller  center  height  and  greater  width  between  alope-stokes 
occur  at  the  same  station,  as  is  illustrated  in  the  example. 

The  general  tendency,  however,  with  the  method  of  avera^i^ 
end  areas  is  to  give  volumes  that  are  too  lai^,  and  the  error 
increases  with  the  square  of  the  difference  in  end  heights,  aa  is 
evident  from  (371). 

266.  When  the  center  and  sides  of  roadbed  do  not  pass  from 
cut  to  fill  at  the  same  station  we  have  a  volume,  part  excavation, 
part  embankment,  between  the  same  pair  of  sections,  such  as  is 
illustrated  in  Fig.  126. 

Between  sections  ABC  and  EDFML  the  solid  having  bases 


ABC  and  FED  is  embankment,  while  the  pyramid  FML-A 
is  in  excavation. 

For  such  cases  as  this  the  method  of  averaging  end  areas  is 
most  in  error,  particularly  if  the  ground  have  a  sharp  longitudinal 
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as  well  as  transverse  slope     Whatever  method  is  employed,  the 
excavations  and  embankments  must  be  separately  computed. 

257.  Tables  of  Voltunes  for  Level  Sections  and  Equal  XSnd 
Areas  may  be  used  in  making  preliminary  estimates.  The  aver- 
age center  height  for  one  or  more  stations  is  taken  from  the  pro- 
file and  the  volume  at  once  read  olf  from  tables,  such  as  Table 
XIX. 

Table  XX  may  be  used  in  finding  the  volume,  after  having 
averaged  the  end  areas,  and  a  correction  made  by  265  if  desired. 

268.  Side  Ditches  in  cuts  have  a  constant  cross-section,  and 
hence  a  constant  volume  for  each  full  station.  Their  contents 
are  separately  computed  and  added  after  the  other  computations 
have  been  made.    They  need  not  be  shown  in  cross-section  notes. 

269.  Earthwork  on  Curves. — In  computing  quantities  on 
jurves  the  end  sections  are  assumed  to  be  parallel,  and  the  axial 
distance  between  sections  taken  as  the  length  of  the  prismoid. 
If  the  volume  be  taken  as  generated  by  a  moving  section,  and  the 
center  of  gravity  of  this  section  lie  always  on  a  vertical  line  passing 
through  the  axis,  this  method  gives  correct  results  ;  otherwise  not. 
The  result  will  be  too  small  or  too  large  according  as  the  center  of 
gravity  falls  witlioul  or  within  the  center  line  of  curve. 

If  the  volumes  are  computed  by  averaging  end  areas,  it  will  be 
A  useless  refinement  to  ai)ply  a  curvature  correction  ;  but  if  the 
prisinoidal  formula  is  employed,  and  accuracy  is  desired,  it 
should  be  applied,  especially  if  the  work  be  in  rock. 


Fia.  127. 


To  find  the  curvature  correction  (c.c)  consider  Fig.  127,  which 
represents  the  7nean  section  of  the  pnsmoi«I. 
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The  portion  ABHEG  has  its  center  of  gravity  on  the  line  BF 
{BH  having  the  same  slope  as  BA) ;  hence  the  path  of  its  center 
of  gravity  will  be  the  same  length  as  the  axis  of  tlie  prisinoid, 
and  there  will  be  no  error  in  the  computed  volume  genemted  by 
this  portion.  In  the  triangle  BGII  dr&w  BK  to  the  mid-point  of 
CH.  The  center  of  gi'avity  of  this  triangle  is  at  if,  two  thirds  of 
the  distance  BK  from  B.  Now,  by  Guldin's  rule  (theorem  of 
Pappus)  the  volume  generated  equals  the  area  multiplied  by  the 
path  of  the  center  of  gravity,  the  center  of  rotation  being  in  the 
plane  of  the  area. 

Draw  BL  horizontal  and  take  iV^  on  a  vertical  through  M\  let 
the  angle  in  degrees  at  the  center  be  6. 

The  volume  generated  by  the  triangle  BCH  is 

V=BGlf^^^{R-YBN), 

But  the  calculated  volume  is 

Fo  =  BCH  X  I  =  BCH^—R. 

• 

Hence  the  curvature  correction  will  be 

c.c.  =  V-  Vo  =  BCn'^BN. 

But  B^=  ^BL  =  3.-2—  =  — 3— 

. •.  c.c,  =  ^BCUidx  +  ^0<9"  =  .(iOQBCn{d,  +  di)Q\    (374) 

When  the  sections  are  100  ft.  apart  B""  =  D  and  the  correction 
becomes 

c.c.  =  ,OOQBCII{d,-{-d^)D (374') 

The  area  of  the  triangle  BCII  is  easily  seen  to.be 

A  =  i[b{h^  -  Ai)  +  ?io{di  -  rfi)].      .     .    (375) 

If  the  triangle  BCH  is  on  the  convex  side  of  curve  the  correc- 
tion must  be  added,  if  on  the  concave  side  it  must  be  subtracted. 

For  light  work  the  correction  is  small,  but  for  heavy  work  with 
steep  transverse  slope  on  sharp  curves  it  may  be  considerable. 
In  practice  w^e  may  use  the  middle  for  the  mean  area  without 
material  error. 

Example.— Find  the  correction  per  station  on  an  8"  curve,  28 
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ft.  base,  side  slopes  IJ  to  1,  inside  height  10  ft.,  outside  height 
30  ft.,  end  sections  equal. 

Article  21.    Haul  and  Overhaul.    The  Mass  Curve. 

260.  Haul  is  defined  as  the  work  done  in  moving  material 
from  excavation  to  embankment.  The  imit  ordinarily  em- 
ployed is  the  work  done  in  moving  one  cubic  yard  100  feet 
horizontally.  This  unit  has  been  called  both  the  "yard-  station" 
and  the  "  station-yard. '*  It  will  be  here  called  the  stalumr 
yard  (s.y.)  as  being  possibly  a  Httle  easier  of  verbal  expression. 

Unit  prices  are  usually  based  upon  a  certain  maximum  length 
of  haul,  which  length  is  stated  in  the  specifications  which  cover 
a  particular  contract.  This  specified  distance  is  called  the 
length  of  free-haul,  or  the  free-haul  distance.  The  least  value 
ordinarily  assigned  is  100  feet  and  the  greatest  1000  feet. 
Five  hundred  feet  is  very  generally  used. 

261.  Overhaul  is  defined  as  the  work  done  in  moving  material 
from  excavation  to  embankment  through  horizontal  distances 
greater  than  that. specified  as  the  limit  of  free-haul.  Its  unit 
IS  the  station-yard,  and  for  this  extra  haul  additional  com- 
pensation is  allowed  in  the  contract.  The  price  paid  for  over- 
haul is  seldom  less  than  one  cent,  nor  greater  than  two  cents 
per  station-yard.  The  contractor  receives  pay  for  the  exca- 
vation and  for  overhaul,  but  not  for  the  embankment  con- 
structed from  the  material  moved  unless  the  specifications 
provide  for  payment  "both  ways,"  in  which  case  bidders  will 
make  their  tenders  accordingly. 

When  the  payment  per  cubic  yard  for  overhaul  just  equals 
the  cost  of  excavation,  the  horizontal  distance  between  the 
initial  and  final  positions  of  the  centers  of  gravity  of  the  material 
so  moved  may  be  called  the  limit  of  free-haul;  for  any  greater 
length  of  haul  it  will  be  cheaper  to  waste  the  excavated  material 
and  to  borrow  material  within  the  limit  of  free-haul  for  the 
construction  of  the  embankment,  provided  such  material  is 
available.  For  any  shorter  distance  the  railroad  company  or 
owner  will  find  it  profitable  to  pay  for  overhaul.  In  cases 
where  contracts  are  made  for  payment  "both  ways"  it  is 
optional  with  the  contractor  whether  he  makes  the  long  haul 
or  wastes  and  borrows  all  his  material. 

262.  The  Amount  of  Overhaul  is  found  by  determining  the 
horizontal  distance  between  the  initial  and  final  positions  of 
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the  centers  of  gravity  of  the  material  upon  which  payment 
for  overhaul  is  to  be  made.  The  contractor  is  entitled  to  the 
benefit  of  any  haul  less  than  the  limit  of  free-haul,  so  that 
these  limits  must  first  be  determined  from  the  cross-section 
notes,  though  sometimes  it  may  be  done  approximately  from 
the  profile.  The  engineer  should  set  stakes  to  mark  these 
points.  Next  he  must  determine  the  positions,  from  his  notes, 
of  the  centers  of  gravity  of  the  mass  to  be  moved  and  as  finally 
deposited,  and  this  distance,  less  the  limit  of  free-haul,  when 
multiplied  by  the  number  of  cubic  yards,  will  be  the  amoimt 
of  overhaul.  Occasionally  engineers  figure  the  distance  from 
center  of  gravity  to  center  of  gravity  of  the  whole  mass  moved, 
including  that  within  the  limits  of  free-haul,  dpduct  there- 
from the  value  of  the  limit  of  free-haul  and  compute  the  over- 
haul by  multiplying  the  resulting  distance  by  the  total  number 


Fig.  128. 


of  cubic  yards  which  have  been  ipoved.  This  requires  every 
yard  to  be  moved  the  full  limit  of  free-haul  before  overhaul 
begins  to  run  and  is  not  generally  understood  by  contractors, 
nor  taken  into  account  by  them  when  making  their  proposals. 
In  so  far  it  is  not  fair  to  the  contractor. 

In  Fig.  128  let  AB  be  the  length  of  free-haul,  the  points 
A  and  B  being  fixed  on  the  profile  so  that  the  volume  of  ACE 
equals  the  volume  CBK]  this  may  be  done  by  trial  compu- 
tations from  the  cross-section  notes,  or  in  some  special  cases, 
approximately  from  the  profile.  Let  the  mass  EFHA  be  re- 
moved to  BKLMf  and  let  the  centers  of  mass  in  the  two  posi- 
tions be  g  and  gi,  respectively;  the  length  of  overhaul  to  be 
paid  for  will  be  GGi-AB=GA-\-BGi.  To  find  g  and  gi  accu- 
rately, requires  that  the  sum  of  the  moments  of  the  elementary 
masses  equal  the  moment  of  the  whole  mass  with  respect  to 
any  chosen  point.  It  will  answer  in  practice  to  multiply  the 
volume  per  station  by  the  distance  of  its  center  of  mass  (found 
by  dividing  the  station  length  in  the  inverse  ratio  of  its  end- 
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areas)  from  some  selected  point,  as  C,  and  equate  this  to  the 
product  of  the  whole  mass  by  the  unknown  distance  of  its 
center  of  gravity  from  the  same  point,  then  solve  for  this  dis- 
tance. Indeed,  it  will  answer  in  most  cases  to  find  a  i)oint 
which  divides  the  mass  into  two  equal  parts  and  to  treat  this 
as  the  center  of  gravity;  such  a  point  may  be  found  by  trial. 

Example. — In    the    figure    let    AEFH  =  MOO    cubic    yards, 
GA=300  feet,  GiB  =  SSO  feet,  and  the  price  to  be  paid  for 
overhaul    IJ    cents   per    station-yard.      The    additional   com- 
mon -4-  ^80 
pensation  above  the  unit  price  will  be  — r^rx — X  6400X0.015 

=$652.80. 

263.  Crossyhaul  is  a  term  applied  when  the  material  exca- 
vated from  different  cuts  is  hauled  in  both  directions  over 
some  particular  portion  of  the  line.  As  a  general  thing  it 
should  be  considered  unnecessary,  and,  therefore,  uneconomic, 
haul.  Sometimes,  however,  an  operating  advantage  may 
result  from  its  use  which  may  more  than  offset  the  disadvan- 
tage of  hauling  material  unnecessarily  long  distances.  This 
may  occur  where  steam  shovels  and  dump  cars  are  operated. 
Cross-haul  should  be  avoided  and  no  allowance  should  be 
made  therefor  should  the  contractor  elect  to  operate  in  such 
a  way  as  to  involve  it,  unless  this  method  of  haul  should  be 
ordered  by  the  engineer  to  facilitate  the  work,  or  for  other 
good  reasons. 

264.  The  Mass  Curve  may  be  employed  in  computing  over- 
haul graphically,  and  time  and  tedious  computations  saved 
by  its  use.  Its  construction  and  application  are  illustrated 
by  Fig.  129. 

The  irregular  line  FECKL  represents  the  ground  surface 
seen  in  profile,  and  the  line  HACBM  the  grade  fine,  which 
intersects  the  ground-surface  line  at  C.  AB  represents  the 
length  of  free-haul,  the  excavation  represented  by  CAE  being 
just  sufficient  to  form  the  embankment  CBK.  The  volume 
upon  which  overhaul  is  to  be  computed  is  represented  in  ex- 
cavation by  the  shaded  area  AEFIL  It  is  rc(|uired  to  locate 
the  vertical  ML  in  order  that  the  volume  represented  by  BMLK 
in  embankment  may  be  constructed  of  the  material  excavated 
from  AEFIL 

Let  g  and  gi  be  the  centers  of  mass  of  the  material  before 
being  excavated  and  after  being  placed  in  embankment.    The 
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location  of  g  and  gi  and  the  horizontal  distance  GGi  between 
them  is  required  in  order  that  the  overhaul  may  be  computed 
after  the  volume  to  be  moved  has  been  determined. 

On  the  profile  shown  in  Fig.  129  let  H  be  a  point  past  which 
no  material  will  be  hauled.  Through  H  draw  a  vertical  line 
and  on  this  vertical  select  a  point  H'  as  the  origin  of  coordinates. 
At  successive  station-points  on  a  horizontal  through  H'  erect 
ordinates  equal  to  the  algebraic  sum  of  the  quantities  between 
each  such  station  and  the  initial  station  H.  Quantities  in 
excavation  and  embankment  are  given  opposite  algrabaic 
signs.  As  here  taken,  excavation  is  plus  and  embankment 
minus.  If  preferred,  these  signs  may  be  reversed,  but  for  the 
same  profile  the  signs  must  have  the  same  meaning  through- 
out. The  ordinate  at  H  is  zero ;  that  at  any  other  point,  as 
Sta.  68,  represents,  to  scale,  the  total  amount  of  excavation 
between  Stations  64  and  68.  The  grade-Une,  represented  by  the 
line  HCM,  passes  from  cut  to  fill  at  C,  which  is  at  Sta.  70+10 
in  this  case.  In  Uke  manner  the  ordinate  at  Sta.  74  represents 
the  algebraic  sum  of  the  quantities  between  Stas.  64  and  74. 
The  ends  of  adjacent  ordinates  are  then  joined  by  straight 
lines,  or,  better  still,  a  smooth  curve  is  passed  through  them  all. 

The  next  step  is  to  determine  the  location  of  the  points  A 
and  B  which  mark  the  limits  of  free-haul.  To  do  this,  take 
the  specified  length  of  free-haul  to  the  same  scale  as  horizontal 
distances  have  been  plotted  on  the  profile,  and  find,  by  trial,  the 
points  A'  and  B'  on  the  same  horizontal  line,  and  at  the  same  time 
on  the  curve,  which  are  distant  from  each  other  this  distance 
of  specified  free-haul.  Project  A'  and  B'  vertically  to  A  and  B. 
The  verticals  AE  and  BK  mark  the  limits  of  free-haul. 

Since  all  the  material  from  excavation  is  to  be  utilized  in 
embankment  when  possible,  the  vertical  ML  is  located  by 
drawing  through  H'  a  horizontal  fine  which  cuts  the  other 
side  of  the  mass  curve  at  Af' ,  and  then  projecting  Af'  vertically 
to  M.  ML  then  defines  the  Umiting  position  of  any  material 
hauled  from  the  excavation  represented  by  the  area  AEFH 
to  the  embankment,  which  is  represented  by  the  area  BKLM* 
The  equal  ordinates  A' a  and  B'b  represent  the  volume  of  earth- 
work upon  which  overhaul  is  to  be  computed.  The  area  A'C'B* 
measures  the  work  done  in  moving  the  excavated  material 
from  ACE  to  CBK^  and  the  area  U'A'B'M'  measures  the 
total  work  done  in  moving  the  mass  AEFH  horizontally  to 
the  position  it  will  finally  occupy  as  BKLM,    The  overhaul 


CONSTRUCTION.  251 

for  this  latter  mass  is,  however,  measured  by  the  shaded  area 
of  the  mass  diagram,  because  every  cubic  yard  of  this  must 
be  moved  through  the  free-haul  distance  before  overhaul  begins 
to  run.  The  unshaded  area  A'B'ha  represents  the  work  done 
in  moving  the  mass  through  the  horizontal  distance  between 
A  and  B. 

To  find  the  positions  of  the  centers  of  gravity,  g  and  gi  of 
the  mass  before  and  after  moving,  we  bisect  the  ordinate  A' a, 
or  its  equal  B%  and  project  the  points  (?'  and  (r/,  where  a  hor- 
izontal through  the  mid-point  a'  cuts  the  mass  curve,  vertically 
to  G  and  Gi,  The  points  g  and  gi  lie  on  these  verticals.  The 
overhaul  will  then  be  equal  to  the  quantity  A' a  multiplied 
by  the  sum  of  the  distances  GA  and  BGif  or,  stated  as  a  formula, 

Overhaul  =A'a  X  {GGx  -AB). 

If  the  embankment  to  the  right  of  ML  (or  of  the  corre- 
sponding vertical  in  the  case  of  shrinkage  or  growth)  can  be 
entirely  filled  from  a  cut  lying  adjacent  to  it  to  the  right,  the 
process  above  described  should  be  used  to  determine  the  right- 
hand  limit  of  the  excavation,  material  from  which  will  be 
used  to  construct  the  embankment. 

If  both  the  vertical  HF  and  the  corresponding  one  to  the 
right  of  the  figuriB  are  to  be  determined  so  as  to  make  the 
overhaul  a  minimum  we  must  find,  by  trial,  lines  on  the  two 
mass  curves  which  are  equal  in  length,  which  are  horizontal, 
and  which  have  the  right-hand  end  of  one  and  the  left-hand 
end  of  the  other  on  a  common  point  on  the  mass  curve  while 
their  other  ends  lie  also  on  their  respective  curves. 

It  may  happen  that  the  quantity  of  material  available  for 
excavation  is  insufficient  to  construct  the  embankment,  inter- 
vening between  two  grade  points,  and  that  some  material 
must  be  borrowed  if  the  limit  of  economic  haul  is  not  exceeded. 
Or  the  material  from  an  excavation  may  be  in  excess  of  tl 
needed  for  the  adjacent  embankments,  in  which  case  ex  3a 

material  must  be  wasted.  For  such  cases  compute  the  mnit 
of  economic  haul  and  use  this  as  the  value  of  the  closing  line 
H'M'  in  order  to  locate  both  the  points  H  and  M  on  the  profile. 
Do  the  same  for  that  portion  of  the  mass  curve  lying  to  the 
right  of  that  shown  in  the  figure.  The  fill  or  cut  between 
adjacent  verticals,  such  as  ML  and  the  next  similar  vertical, 
must  then  be  wasted  or  borrowed  according  as  the  excess  is 
excavation  or  embankment. 
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Guide  stakes  should  be  set  for  the  contractor  to  mark  such 
points  as  H  and  M,  as  well  as  the  grade-point  C,  in  addition 
to  the  cross-section  stakes. 

266.  The  Swell  of  earthwork  is  the  increase  or  decrease 
in  volume  of  embankment  as  compared  to  the  volume  of  the 
same  material  before  it  has  been  excavated.  Ordinary  earth  will 
occupy  less  space  when  compacted  in  embankment  than  it 
originally  did  before  having  been  excavated,  but  with  rock  the  re- 
verse is  tnie,  the  volume  in  embankment  being  greater  than 
the  original  volume  before  excavation.  The  mass  diagram 
just  described  does  not  take  the  swell  into  account,  the  assump- 
tion being  that  one  cubic  yard  in  its  original  place  will  make 
just  one  cubic  yard  when  placed  in  the  embankment. 

The  American  Railway  Engineering  Association  reconmiends 
the  following  shrinkage  allowances,  for  both  height  and  width, 
for  green  embankments: 

Black  dirt*  trestle  filling,  15%,  raising  under  traffic,  5%. 

Clay:  trestle  filling,  10%,  raising  under  traffic,  5%. 

Sand:  trestle  filling,  6%,  raising  under  traffic,  5%. 

On  levee  construction  by  dredges,  and  for  station  work 
with  the  wheelbarrow,  a  shrinkage  allowance  of  25%  is  some- 
times allowed. 

Rock,  when  blasted  out  and  broken  up,  will  increase  in 
volume  from  40%  to  60%,  depending  upon  the  sizes  of  the 
fragments,  the  smaller  sizes  yielding  the  greater  growth. 

266.  The  Application  of  the  Mass  Curve  to  Cases  where 
the  Swell  is  Taken  into  Account  is  illustrated  by  the  dotted 
and  the  broken  lines  of  Fig.  129.  C'M'Q  is  the  mass  curve 
on  the  assumption  of  no  swell,  C'Q'  the  mass  curve  when  shrink- 
age is  allowed  for,  and  C'Q"  the  mass  curve  on  the  assumption 
of  growth. 

The  curve  C'Q'  is  obtained  by  multiplying  the  yardage  for 
each  station  successively  by  the  percentage  of  shrinkage  called 
for  in  the  specifications  and  adding  the  resultant  quantities 
to  the  original  volume.  By  plotting  the  resulting  quantities 
and  joining  ends  of  ordinates  as  in  the  case  where  no  shrinkage 
is  provided,  the  dotted  curve  results.  In  like  manner  the 
broken  curve  is  obtained  for  the  case  of  growth,  the  products 
obtained  by  multiplying  the  quantities  computed  from  the 
cross-section  notes  by  the  percentage  of  growth  being  sub- 
tracted, because  it  will  require  less  than  one  cubic  yard  in  its 
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original  positibn  to  make  one  cubic  yard  when  deposited  in 
embankment.  For  either  of  these  cases  the  closing  line  H'M' 
will  have  its  right-hand  end  in  the  curve  which  applies  to  the 
particular  case  in  question.  That  is,  for  shrinkage  the  right- 
hand  end  will  lie  in  the  curve  C'Q'  and  for  growth  in  the 
curve  C'Q". 

Fig.  129  was  constructed  from  the  data  given  on  the  profile 
and  the  two  sets  of  figures  below,  the  upper  set  being  the 
areas  at  the  points  cross-sectioned,  and  the  lower  set  yardages 
between  consecutive  cross-sections.  A  10%  shimkage  allowance 
was  assumed  in  plotting  the  curve  C'Q'  and  a  25%  growth  for 
the  curve  C'Q".  This  latter  rate  of  growth  would  correspond 
to  a  material  composed  partly  of  rock  and  partly  of  earth. 
The  proper  percentage  to  use  is  a  matter  of  experimental  de- 
termination if  a  high  degree  of  precision  is  required,  or  a  matter 
of  judgment  if  it  is  assumed,  as  is  frequently  the  case. 

.  267.  The  Limit  of  Economic  Haul  depends  upon  the  unit 
price  paid  for  earth  embankment,  provided  suitable  material 
may  be  borrowed  within  the  limit  of  free-haul,  and  that  space 
is  available  for  spoil  banks,  should  the  quantity  of  excavation 
exceed  that  of  embankment,  and  it  depends  also  upon  the 
unit  price  paid  for  overhaul.  This  limit  is  simply  the  distance 
at  which  the  unit  price  paid  for  overhaul  equals  the  unit  price 
paid  for  embankment.  To  state  it  algebraically,  let  /= limit 
of  free-haul;  h=\\m\i  of  economic  haul;  c  =  unit  price  paid 
for  embankment  without  overhaul;  n  =  number  of  cents  paid 
per  station-yard  for  overhaul.     Then 

from  which  A  =  — h/, (376) 

Example. — Suppose  the  unit  price  of  embankment  is  18 
cents  .per  cubic  yard,  the  Hmit  of  free-haul  300  feet,  and  the 
price  paid  for  overhaul  \\  cents  per  station-yard. 

IQ 

By  (376),  /i  =  ^ +3  =  12 +3  =  15  stations. 

268.  Application  of  the  Mass  Diagram  to  a  Continuous 
Profile. — In  Fig.  130  the  upper  curve  is  the  profile  of  a  line 
between  Stations  3538  and  3584  upon  which  has  been  drawii 
the  grade  line  AB'Z',    Tlie  lower  curve  is  the  mass  curve,  which 
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IS  derived  from  the  successive  summations  of  quantities,  be- 
ginning with  zero  at  Station  3541  past  which  no  haul  is  to 
take  place.  The  points  D,  Hj  L,  0,  Ut  and  Y  are  grade-points. 
The  hmit  of  free-haul  was  taken  at  300  feet  and  horizontal 
lines  cc,  gl^  np^  to,  and  xz  of  this  length  were  drawn  between 
points  on  the  mass  curve,  as  described  in  264,  in  order  to  locate 
the  limiting  verticals  CC\  E'E,  GV,  etc.  It  so  happens  that 
the  vertical  through  I  falls  at  the  grade  point  L  in  this  case. 
It  is  evident  that  there  is  more  than  enough  material  in  the 
cut  which  Ues  just  to  the  right  of  EE'  to  form  the  embank- 
ment ACC  The  horizontal  ac'e'f  of  the  mass  diagram  is 
now  drawn  and  the  point  /  where  it  cuts  the  mass  curve  is 
projected  to  FF'j  which  vertical  marks  the  limit  of  excavated 
material  which  is  to  be  hauled  backward  to  make  the  fill  ACC\ 
There  is  no  embankment  to  the  immediate  right  of  the  grade- 
point  H  in  which  the  remaining  portion  of  the  cut,  represented 
by  FGG'F'  on  the  profile,  can  be  used,  as  the  small  embank- 
ment between  H  and  L  has  been  provided  for  by  the  cut 
GHG', 

It  is  evident  from  the  profile  that  the  embankment  between 
the  grade-points  0  and  U  will  more  than  take  care  of  all  exca- 
vation from  the  cut  immediately  to  the  left  of  0  and  the  one 
immediately  to  the  right  of  U,  We  therefore  draw  the  hori- 
zontal Iqy  and  project  q  upward  to  locate  the  limiting  vertical 
QQ'.  In  like  manner  the  horizontal  sx  is  drawn,  and  the 
points  8  and  x  where  it  intersects  the  mass  curve  are  projected 
upward  to  locate  SS'  and  XX\  respectively. 

The  centers  of  gravity  of  the  masses  ACC  and  BGG'B' 
are  found  by  bisecting  cc'  or  ee'  and  drawing  a  horizontal  line 
through  these  bisecting  points  to  cut  the  mass  curve,  which 
cutting  points  are  then  projected  upward  to  the  profile  to 
locate  the  verticals  on  which  these  centers  of  gravity  He, 
Roimd  black  dots  represent  the  positions  of  the  centers  of 
gravity  on  the  profile.  The  overhaul  distance  will  then  be 
the  horizontal  distance  between  these  centers  of  gravity  less 
the  distance  of  free-haul.  In  like  manner  the  centers  of  gravity 
and  overhaul  distances  of  the  other  masses  are  found,  as  indi- 
cated in  the  figure. 

There  still  remains  the  excavation  represented  by  FGG'F\ 
and  the  embankment  represented  by  QSS'Q\  unprovided  for. 
The  first  of  these  may  be  wasted  and  the  second  borrowed 
within  the  Umits  of  free-haul,  but  first  let  us  determine  whether 
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or  not  it  will  pay  to  utilize  the  excavation  to  make  a  part  or 
all  of  the  embankment.  This  will  be  the  case  if  the  limit  of 
economic  haul  is  not  exceeded.  -■ 

The  mass  diagram  shows  that  the  point  /  is  lower  than  the 
point  s,  and  therefore  that  the  embankment  at  QSS'Q^  exceeds 
the  excavation  at  FGG'F\  so  that,  in  any  event,  some  material 
must  be  borrowed.  Now  draw  a  horizontal  through  /  to  cut 
the  mass  curve  to  the  right  and  if  the  length  of  this  horizontal 
does  not  exceed  the  limit  of  economic  haul  all  the  excavation 
may  be  used  in  embankment,  and  only  enough  borrowed  to 
complete  the  fill.  In  the  case  shown,  however,  the  linait  of 
economic  haul  is  15  stations,  which  limit  would  be  exceeded. 
We  therefore  locate  two  points,  k  and  m,  which  are  distant 
from  each  other  the  limit  of  economic  haul  and  on  the  mass 
curve  and  also  a  horizontal  line.  We  then  project  these  points 
upward  to  locate  the  limiting  verticals  KK'  and  MM\  The 
mass  FKK'F'  must  be  wasted  and  the  mass  MSS'M'  must 
be  borrowed. 

269.  Properties  of  the  Mass  Diagram. — From  the  preceding 
figures,  and  the  method  of  constructing  the  mass  curve,  the 
following  properties  of  the  mass  diagram  result: 

(a)  Ascending  portions  of  the  curve  indicate  excavation 
and  descending  portions  embankment. 

(6)  Maximum  and  minimum  points  on  the  mass  curve, 
where  its  tangents  are  horizontal,  occur  on  verticals  through 
grade-points. 

(c)  The  difference  in  length  between  any  two  adjacent  ver- 
ticals of  the  mass  curve  is  the  volume  of  earthwork  between 
these  verticals  extended  to  cut  the  profile. 

{d)  Excavation  equals  embankment  between  two  points  on 
the  mass  curve  which  are  cut  by  a  horizontal  line. 

(e)  The  area  of  the  mass  diagram  situated  between  the 
curve  and  a  horizontal  which  cuts  it  measures  the  haul  between 
the  verticals  through  these  points. 

270.  Another  Method  of  Constructing   the   Mass   Curves, 

which  many  engineers  prefer,  is  to  draw  as  many  partial  mass 
curves  as  there  are  volumes  of  earthwork  which  may  be  moved 
from  excavation  to  adjoining  embankments. 

Beginning  at  a  grade-point  the  quantities  to  the  left  of  it 
are  added  successively  and  plotted  as  ordinates,  from  a  hori- 
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zpntal  through  some  point  on  the  vertical  through  the  grade- 
point,  on  the  proper  verticals,  and  the  ends  of  the  ordinates  are 
then  joined  by  a  smooth  curve.  These  ordinates  may  be  set 
off  either  upward  or  downward  (but  usually  upward)  from 
the  arbitrarily  seclected  zero  horizontal.  To  the  right  of  the 
grade-point  quantities  are  summed  and  plotted  in  the  same 
manner  and  in  the  same  direction.  This  process  yields  figures 
similar  to  Fig.  129  (but  usually  inverted)  if  the  zero  Une  passes 
through  C  instead  of  H\  The  limiting  vertical  is  then  found 
just  as  in  264. 

At  each  grade-point  the  above-described  process  is  repeated 
and  a  series  of  detached  mass  curves  obtained  instead  of  a  con- 
tinuous one  as  in  Fig.  130. 


Article  22.  Clearing  and  Grubbing;  Drainage  Areas 
AND  Run-off  Formulas;  Culverts  and  Bridges; 
Tunnels. 

271.  Clearing  and  Grubbing. — Having  the  center  Une  of 
the  road  finally  located,  actual  construction  work  is  begun  by 
first  clearing  the  righ^  of  way  of  all  timber  growths,  though 
sometimes,  for  reasons  of  false  economy,  only  the  space  to 
be  occupied  by  the  roadway,  berms  and  borrow  pits  are  cleared. 
For  the  guidance  of  the  contractor  the  engineer  should  define 
the  limits  of  the  right  of  way  either  by  stakes  or  by  blazing  trees 
on  the  side  lines  of  the  railroad's  property.  All  stumps  under 
embankments  and  on  berms  should  be  grubbed  or  blasted  out 
to  a  depth  of  18  inches  or  more,  except  under  high  fills,  where 
chopping  down  the  stump  to  the  level  of  the  ground  surface 
may  be  permitted.  In  cuts  the  stumps  may  be  removed  as 
the  work  of  excavation  progresses.  Borrow  pits  should  be 
grubbed  also,  but  sometimes  this  is  optional  with  the  con- 
tractor, by  provision  made  in  the  specifications! 

A  stump  puller,  ordinarily  operated  with  mules  or  horses, 
will  often  be  most  economical  in  removing  small  stumps. 
Large  stumps  may  often  be  removed  by  dynamite  at  smaller 
cost  than^by  grubbing  out  by  hand. 

Payments  for  clearing  and  grubbing  are  usually  made  on 
an  acreage  basis,  either  together  or  separately.  The  table 
below  gives  the  area,  in  acres,  for  right  of  way  1(X)  feet  wide 
for  distances  varying  by  single  stations  from  1  to  60.    For  1 
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mile  of  right  of  way  100  feet  wide  the  area  b  12.1212+  acres, 
or  closely  enough,  twelve  and  one-eit;hth  acres. 
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.  Following  clearing  and  grubbing  the  engineer  should  replace 
all  missing  station  stakes,  hubs  and  reference-points,  and,  if 
these  have  not  been  previously  so  located  as  to  be  free  from 
disturbance  by  the  work  of  clearing  and  grubbing,  should  estab- 
lish bench  marks  not  more  that  1500  feet  apart  for  use  during 
construction.  One  or  more  such  bench  marks  should  be  es- 
tablished within  easy  reach  of  each  opening  for  a  bridge  or 
culvert.  Check  levels  should  be  run  over  all  benches  to  insure 
their  required  degree  of  precision. 

While  the  right  of  way  is  being  cleared,  all  valuable  timber 
should  be  piled  near  the  boundary,  and  brushwood  should 
be  burned. 

272.  Drainage  Areas  should  be  run  out  for  the  purpoae 
of  using  them  as  a  guide  in  deciding  upon  the  size  of  opening 
to  be  left  for  drain  pipes,  bridges  or  culverts  wherever  this 
is  possible.  For  large  t^treama  this  is  generally  not  practic- 
able, but  the  area  may  frequently  be  obtained  from  reliable 

In  running  out  drainage  ;ircas  it  will  not  be  neceaaary  to 
follow  the  windings  of  the  divides  in  too  great  detail.  Ix)ng 
shots  which  "give  and  take"  in  such  manner  as  practically  to 
balance  areas  on  each  side  of  same  should  be  used  instead  of 
many  short  lines  in  order  to  minimize  the  labor  of  computationa. 
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The  general  surface  slopes  and  the  character  of  the  ground, 
whether  porous  or  impervious,  should  be  noted  as  the  work 
progresses. 

In  running  drainage  areas  time  may  be  saved  by  using  the 
stadia  hairs  of  the  transit  for  measuring  distances.  If  the 
transit  has  no  stadia  hairs  the  "thirty-four  and  a  half  minute 
method"  may  be  employed.  This  depends  upon  the  fact 
that  the  natural  sine  or  tangent  of  34|  minutes  equals  0.01, 
very  nearly,  and  consequently  this  angle  subtends  a  distance 
at  right  angles  to  the  Une  of  sight  of  1  foot  at  100  feet,  2  feet 
at  200  feet,  etc.  The  rodman  having  selected  a  point  on  the 
divide,  azimuth  and  bearing,  or  simply  the  bearing,  of  the 
line  joining  the  rodman's  position  with  the  transit  is  read  and 
recorded  by  the  instrumentman,  after  which  he  sets  ofif  34J 
minutes  on  his  horizontal  plate  and  then  motions  the  rodman 
into  this  new  Une.  The  rodman  then  measures  the  distance 
between  the  two  points,  at  right  angles  to  either  line  of  sight, 
to  hundredths  of  a  foot,  or  closer  if  possible,  and  this  ofifset 
distance,  multiplied  by  100,  gives  the  distance  his  first  point 
is  distant,  in  feet,  from  the  instrument. 

Many  run-off  formulas  have  been  devised,  but  no  one  form- 
ula will  apply  in  all  cases.  The  rate  and  duration  of  the  heaviest 
downpours  are  rarely  known  with  any  degree  of  precision, 
and  frequently  the  character  of  the  surface  is  uncertain.  These, 
together  with  the  area  and  slope,  are  factors  affecting  results. 
As  a  consequence,  the  run-off  computed  by  the  formula  which 
best  fits  existing  conditions  can,  at  best,  serve  only  as  a  guide 
to  aid  the  engineer's  judgment  in  deciding  upon  the  proper 
area  of  water  way  to  allow. 

Generally  it  is  better  to  leave  an  excess  of  waterway,  rather 
than  a  deficiency,  especially  for  small  drains  and  culverts, 
but  excessive  rainfall  at  long  periods  may  make  this  imprac- 
ticable at  a  reasonable  cost.  An  occasional  washout  on  lines 
of  average  traffic  is  often  preferable  to  the  excessive  first  cost 
which  would  have  to  be  incurred  to  prevent  it. 

273.  Formulas  for  the  Area  of  Waterway  to  be  Allowed 

are  numerous,  but  all  contain  some  empirical  constant,  and 
therefore  no  one  is  applicable  to  all  conditions  of  rainfall,  slope, 
character  of  ground  surface,  etc.,  unless  the  constant,  or  con- 
stants, be  definitely  known  for  each  particular  case.  Two  of 
the  simplest  run-off  formulas  are  given  below: 
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(1)  Myer's  formula, 

Area  of  waterway  in  sq.  ft.  =  CVdrainage  area  in  acres.       (377) 

(2)  Talbot's  Formula, 

Area  of  waterway  in  sq.  ft.  =C\/ (drainage  area  in  acres)'.  (378) 

In  Myer's  formula  the  coefficient  C  may  vary  from  1  for 
flat  country  to  4  for  rocky,  mountainous  country.  For  small 
drainage  areas  in  most  localities  this  formula  tends  to  give 
excessive  areas. 

In  Professor  Talbot's  formula  C  is  taken  as  i  or  J,  or  even 
less,  when  the  length  of  the  valley  is  long  in  proportion  to 
its  breadth  in  districts  not  affected  by  accumulated  snow. 
For  rolling  agricultural  country  where  the  valley  is  three  or 
four  times  as  long  as  it  is  broad,  and  where  melting  snow  may 
cause  floods,  C  is  taken  as  about  J.  For  steep  and  rocky  groimd 
C  varies  from  §  to  1. 

-  As  an  example,  suppose  it  is  desired  to  provide  an  opening 
to  carry  the  drainage  from  400  acres.  The  area,  A^  by  Myer's 
formula,  will  be  CX20,  and  by  Talbot's,  CX  89.44.  For  the 
minimum  values  of  C  given  above,  these  formulas  would  then 
call  for  20  and  14.9  square  feet  respectively,  while  for  the  max- 
in  um  values  they  would  call  for  80  and  89.44  square  feet 
respectively.  Evidently  there  is  room  for  wide  variation  in 
judgment  in  assigning  the  value  of  C  to  be  used.  Good  judg- 
ment, an  intimate  knowledge  of  local  conditions  and  careful, 
observation  of  flood  discharge,  as  found  from  measurements 
at  high  water,  or  from  the  behavior  of  other  openings  in  the 
vicinity  under  high-water  conditions,  must  be  the  engineer's 
final  guide.  The  writer  has  in  mind  two  railway  systems 
which  built  lines  through  the  same  section  of  country,  one  of 
which  used  a  formula  giving  twice  the  area  given  by  the  formula 
used  by  the  other. 

Excessive  rainfalls,  such  as  occurred  in  the  valley  of  the 
Brazos  River  in  Texas  in  1899,  when  the  precipitation  exceeded 
30  inches  in  sixty  hours,  can  not  ordinarily  be  economically 
provided  for.  Nor  can  such  rainfalls  as  occurred  at  Austin, 
Texas,  in  1915,  when  10  inches  fell  in  twelve  hours.  One  lo- 
cality in  southwest  Texas  reported  20.60  inches  of  rainfall  in 
twenty-four  hours  during  the  year  1913.  Adequate  provision 
for  such  downpours  is  manifestly  out  of  the  question. 
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274.  Given  the  Elevation  of  Center  Line  of  Roadbed,  the 
Elevation  of  Top  of  Paving  of  a  Culvert  beneath  Center  of 
Roadway,  and  the  Grade  or  Grades  of  Culvert  Paving,  to  Lo- 
cate the  Intersections  of  Side  Slopes  and  Paving  Grade  Line. 

First  Case. — Grade-line  of  culvert-bottom  uniform. 

In  Fig.  131  let  the  culvert-bottom  have  a  uniform  slope 
S  from  end  to  end.  Let  the  embankment  side  slopes  be  s, 
and  the  center  fill  CK  =  h.    Let  the  half  width  of  crown  be  6. 

For  the  upstream  end  of  culvert  the  two  slopes  meet  at 
D.  The  fill  at  J  vertically  beneath  the  edge  of  slope  B  is 
h*  =  h  — b  tan  i  =  h—bS.  From  the  triangles  BDH  and  JDH, 
h'  =  HD  tan  a-\-HD  tan  i,  from  which 

IT  n  —  ^'  _h  —  bS 

tan  a+tan  i      s+S^ 

and  .'.  distance  of  D  from  center  =  6H —rj-.    ,    .     (379) 

On  the  downstream  side  the  distance  out  is  found  in  like 
manner  to  be 

(i.o.=6+^^ (380) 

Second  Case. — Grade-line  of  culvert-paving  broken. 

In  Fig.  131  let  the  grade-line  from  the  inlet  D  be  uniform 
to  some  point  L,  distant  d  from  center.  The  distance  out  to 
D  is  found  as  before,  but  from  the  geometry  of  the  figure,  the 
distance  out  to  M  is  given  by  the  formula  d.o.=KL-\-LM 

=d+^^.     But  QL=-h+RL-PQ  =  h+dS-id-b)s. 

^  ,h+dS-id-b)s.  ,^„,, 

.-.  d.o.=-d-j-— ^, —.      .      .     .     (381) 

S — o 

The  distances  out  to  faces  of  end  walls  will  depend  upon  the 

height  of  culvert  and  thickness  of  crown  of  arch.     Call  the 

total  height  from  flow  line  to  top  of  crown  of  arch  h";    the 

distance  to  be  subtracted  from  above  distances  out  will  then 

h"                           .               h" 
be  — T-Ti  on  upstream  side  and p;  on  downstream  side. 

s-t-o  s—S 

The  above  treatment  has  been  inserted  at  the  suggestion 
of  Mr.  CM.  Kurtz,  who  supplied  the  following 

Example. — For  the  dimensions  shown  in  Fig.  131,  the  fol- 
lowing values  are  obtained : 

By  (379),  H^=9+^^-^~\^^-^  =35.1  feet. 

3"T   10 
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By  (381),  for  the  downstream  side  the 

w^^*»>f    ,g  ,  20.9+15X0.1-6x1     ^^^t    . 
a.o,  of  Af  =  15H 2 — TH =50.6  feet. 

t  ~  100 

The  horizontal  distance  from  upstream  toe  of  slope  D  to 

6  25 
face  of  end  wall  is   2-^—^  =  8. 15  feet;    which  locates  the  face 

3110 

of  the  end  wall  at  a  distance  of  35.1—8.15  =  26.95  feet  out 
from    the    center.      The    face    of    downstream    end  wall    is 

fi  25 

2  I'a  =12.1    feet   in   from   Af,   or  50.6-12.1=^38.5   feet   out 

3  100 

from  center  of  embankment. 

The  top  width  of  wing  wall  is  2  feet,  and  the  angle  this 
makes  with  the  axis  of  the  culvert  is  30  degrees.  Therefore, 
DE  =  D'E'  (in  plan)  =  D'J5;"  sin  30°  =  1 .0  foot,  and  the  dis- 
tance out  from  center  of  curtain  wall  face  is  35.1+1.0  =  36.1  feet. 
The  distance  VE'  in  the  plan  equals  2.0+9.15  tan  30°+2.0  cos  30° 
=  9.01  feet. 

275.  Staking  Out  Openings  for  Trestle  Bridges,  etc. — Where 
culverts,  trestles,  or  other  bridges  are  later  to  be  constructed, 
openings  across,  or  through,  the  embankments  must  be  left. 
If  the  opening  is  for  a  culvert  or  drain  which  is  later  to  be 
covered  over,  the  same  slope  from  top  of  bank  (T.B.)  to  foot 
or  toe  of  slope  (F.S.)  as  for  side  slopes  should  be  allowed,  or 
at  least  a  slope  which  makes  an  angle  with  the  horizontal 
equal  to  the  angle  of  repose.  The  planes  of  the  side  slopes 
will  then  intersect  the  inclined  plane  of  the  axial  slope  in  straight 
lines.  On  irregular  ground  the  intersection  of  these  planes 
with  the  ground  surface  will  not  yield  horizontal  straight  lines, 
and  stakes  must  be  set  to  mark  points  on  the  actual  hne  of 
intersection.  The  plus  stations  at  which  these  stakes  are 
set  must  be  recorded  as  well  as  the  height  to  grade-line,  or 
"fill,"  and  their  distances  out  from  the  center. 

The  volume  of  earthwork  between  top  of  bank  and  foot  of 
slope  will  consist  of  one  wedge  and  two  pyramids  and  should, 
for  precision,  be  computed  by  the  prismoidal  formula. 

At  the  ends  of  trestle  bridges  it  is  better  to  set  the  foot  of 
slope  stakes  so  as  to  substitute  two  quarter-cones  for  the  two 
pyramids,  as  this  is  approximately  the  form  into  which  the 
pyramids  will  finally  weather.  Every  element  of  the  quarter 
cones  will  have  the  same  slope,  which,  for  earth  fills,  is  usually 
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taken  as  li  to  1.  A  suflBcient  number  of  stakes  must  be  set 
to  mark  the  outline  of  the  intersection  of  the  conical  surface 
with  that  of  the  ground.  The  plus  station  and  distance  out 
from  the  center  for  each  stake  must  be  measured  and  recorded 
for  the  purpose  of  computing  the  conical  volumes. 

At  the  top  of  bank  a  pile  bent  is  driven  and  capped  to  sup- 
port the  ends  of  the  trestle  stringers.  Frequently  heavy 
planking,  3  or  4  inches  thick,  is  spiked  or  bolted  to  the  posts 
of  the  bent  on  the  embankment  side  to  form  a  bulkhead  to 
take  the  thrust  of  the  earth.  In  such  a  case  a  part  or  all  of 
the  wedge  and  quarter  cones  (or  pyramids)  will  be  eliminated 
according  as  the  bulkhead  cuts  off  part  or  all  of  them.  If 
only  a  part  is  cut  off,  sufficient  measurements  must  be  taken 
to  make  it  possible  to  compute  the  actual  quantity  of  earth- 
work placed. 

276.  A  Pile  Bent  consists,  generally,  of  four,  five,  or  six 
piles  driven  in  a  vertical  plane  at  right  angles  to  the  axis  of 
the  road,  and  then  cut  off  at  a  predetermined  height  and  capped 
with  a  heavy  timber,  usually  12X12  inches  in  cro8S-«ection, 
though  two  4  X  12-inch  timbers  let  into  opposite  sides  of  the 
top  of  pile  are  sometimes  substituted.  Stringers,  consisting 
of  at  least  two  heavy  timbers,  are  set  upon  the  caps  nearly 
under,  but  a  little  outside  of  the  axis  of  each  rail.  Solid  caps 
are  usually  held  in  position  on  the  piles  by  drift  boUs  1  inch 
or  more  in  diameter  and  2  feet  or  more  in  length,  which  are 
driven  into  holes,  slightly  smaller  than  the  bolts,  which  holes 
are  bored  through  the  caps  and  into  the  stringers.  Sometimes 
the  tops  of  piles  or  posts  are  cut  to  form'  tenons  which  fit  into 
mortises  cut  into  the  soHd  caps.  Again,  the  caps  may  con- 
sist of  two  timbers,  one  on  each  side,  which  rest  on  shoulders 
or  notches  cut  at  the  tops  of  the  piles,  and  having  bolts  passed 
through  both  cap  and  piles  tp  bind  them  all  together. 

The  outside  piles  are  usually  driven  with  a  hatter  varying 
from  1  to  12  to  about  1  to  4.  Tall  bents  have  the  piles  con- 
nected by  diagonal  sway  bracing,  bolted  to  them,  in  order  to 
prevent  lateral  oscillation.  Very  tall  bents  require  longi- 
tudinal bracing  also. 

277.  Cut-offs  for  Piles  must  be  so  given  by  the  Engineer 
that  when  the  piles  have  been  capped  and  the  stringers  and 
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overlying  cross-ties  placed  in  position  later  on,  the  rails  will 
come  to  the  proper  grade-Une.  The  cut-off  marks  consist 
usually  of  nails  or  tacks  driven  into  the  piles  at  a  definite 
distance  below  the  points  at  which  the  piles  are  to  be  sawed 
off.  This  distance  should  contain  no  fractions  of  a  foot,  and 
when  possible  should  be  the  same  for  all  the  bents  of  each 
bridge.  In  any  event  a  foreman  of  the  bridge  gang  must  be 
suppHed  with  a  memorandum  of  the  cut-off  heights. 

For  trestles  located  on  anything  but  a  level  grade  the  rise 
or  fall  between  successive  bents  must  be  carefully  figured, 
and  when  the  trestle  is  on  a  curve  (which  is  very  undesirab>le) 
the  super-elevation  of  outer  rail  must  be  provided  for  by 
making  the  cut-offs  higher  by  the  proper  amounts  on  the 
outside,  and  lower  on  the  inside  of  center  fine,  unless  the  speci- 
fications call  for  the  inner  rail  instead  of  the  center  line  to 
be  laid  to  grade.  Trestles  on  curves  are  to  be  avoided  when- 
ever possible. 

Payments  for  pihng  may  be  based  upon  the  number  of 
lineal  feet  below  caps  only,  or  by  one  price  for  such  portion 
and  a  smaller  price  for  the  portions  cut  off.  In  either  case 
a  Pile  Recorder  must  be  constantly  on  the  ground,  not  only 
to  record  the  lengths  of  each  pile  driven,  but  also  to  see  that 
all  are  driven  in  accordance  with  the  specifications. 

Pile  trestles  are  limited  in  height  by  the  lengths  of  suitable 
piles  available  and  by  the  depths  to  which  they  must  be  driven 
in  order  to  secure  adequate  bearing.  Taller  trestles  must  be 
built  of  framed  bents. 

278.  Staking  Out  Foundations. — For  trestle  bridges  a  stake 
must  be  driven  at  the  point  where  each  pile  is  to  be  driven 
into  the  ground  at  each  bent.  For  culverts  the  limits  of  the 
foundation  excavation  must  be  set  out  by  stakes  at  all  out- 
side angles.  The  plans  for  these  are  usually  worked  out  in 
the  office  and  blue  prints  furnished  the  construction  engineer 
and  the  foreman  of  the  gang  which  is  to  build  the  culvert.  It 
is  desirable  to  have  the  axes  of  all  culverts,  trestle  bents,  bridge 
piers,  etc.,  at  right  angles  to  the  axis  of  the  road,  but  frequently 
this  is  not  possible,  and  the  structure  must  be  built  on  a  skew. 
The  angle  of  skew  must  be  determined  from  conditions  on 
the  ground  before  the  plans  are  drawn. 

In  locating  foundations,  horizontal  angles  should  be  set  off 
with  a  transit,  and  linear  measurements  should  be  made  with 
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which   has  previously   been   compared   with  a 
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gas-pipe  in  order  to  determine  the  depth  to  a  suitable  founda- 
tion and  the  nature  of  the  overlying  deposits,  the  core  forced 
up  within  the  pipe  serving  for  the  latter  purpose. 

280.  Relation  of  Trestles  to  Embankments. — Low  embank- 
ments involve  less  first  cost  and  smaller  maintenance  charges 
than  low  trestles.  High  embankments  cost  more  to  build 
but  less  for  upkeep  than  high  trestles.  There  is  some  inter- 
mediate height  at  which  the  two  first  costs  are  equal,  but  this 
height  in  each  particular  case  will  depend  upon  market  prices, 
labor,  transportation,  and  a  number  of  local  conditions.  As 
a  rough  average  25  feet  may  be  taken.  This  means  that  for 
heights  less  than  25  feet  embankments  should  be  built,  while 
for  greater  heights  trestles  are  to  be  erected.  Taking  main- 
tenance charges  into  account  also  the  limiting  height  may  be 
40  feet  or  more.  If  materials  for  embankments  are  scarce 
or  difficult  to  move  the  limiting  height  may  be  less,  but  if  an 
abundance  of  material  is  available  for  embankments  while 
trestle  materials  are  scarce  or  high-priced,  the  Umiting  heights 
may  be  greater.  Trestles  carry  the  hazard  of  fire  in  addi- 
tion  to  maintenance  charges.  The  cost  of  embankments  in- 
creases much  more  rapidly  than  the  height,  while  for  trestles 
the  increase  in  cost  is  less  rapid  than  the  height. 

There  is  another  limitiiig  height,  somewhat  variable  because 
of  local  conditions  and  market  prices,  above  which  steel  viaducts 
or  bridges  should  take  the  place  of  wooden  trestles. '  As  a  rough 
average  50  feet  may  be  taken  as  this  limit. 

281.  Filling  in  Trestles. — During  the  earlier  stages  of  rail- 
road buUding  trestles  were  much  more  freely  used  than  is 
the  practice  now.  Many  roads  have  filled  in  trestles  of  mod- 
erate height,  either  leaving  the  old  timbers  to  decay  or  remov- 
ing them  in  cases  where  the  value  of  the  timber  salvaged  exceeds 
the  cost  of  withdrawal.  Sometimes  fight,  temporary  trestles 
are  built  and  the  embankment  constructed  from  these  by  the 
use  of  dump  cars  which  are  loaded  by  means  of  a  steam  shovel 
at  some  point  on  the  road  which  does  not  involve  excessive 
train  haul.  A  comparatively  small  culvert  may  often  be  sub- 
stituted for  a  long,  expensive  trestle.  In  no  case,  however, 
should  the  area  of  waterway  be  so  greatly  reduced  as  to  endanger 
the  roadbed  or  to  hold  back  flood  waters  to  such  an  extent 
as  to  invite  damage  claims  and  suits  by  property  owners  above. 
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Court  awards  for  damages,  especially  where  juries  fix  the  amounts, 
are  ,piore  easily  obtained  against  corporations  than  against 
individuals,  sometimes  requiring  scarcely  the  shadow  of  a  proof. 

282.  Tunnel^  are  employed  instead  of  open  cuts  where  open 
excavation  involves  excessive  cost,  or  to  avoid  steep  grades, 
undue  rise  and  fall,  very  high  summits  or  too  great  length  of 
line.  They  are  objectionable  in  that  they  increase  the  time 
required  for  construction  and  also  the  cost.  They  are  lacking 
in  natural  ventilation  and  light.  Wherever  possible  they 
should  be  constructed  on  a  tangent  throughout,  but  not  in- 
frequently this  is  impossible  and  curves  must  be  introduced. 
Usually  these  curves  are  at  the  tunnel  ends. 

The  alignment  of  a  tunnel  is  based  upon  carefully  made 
precise  surface  surveys.  A  permanent  station  in  the  vertical 
plane  of  the  tunnel  axis,  or  at  two  or  more  such  points  if  there 
is  more  than  one  summit  in  the  divide  through  which  the 
tunnel  is  driven,  are  estabUshed,  and  from  this  (or  these^ 
other  points  are  set,  in  the  vertical  plane  in  which  the  axis 
of  the  tunnel  tangent  lies,  beyond  the  ends  of  the  tunnel,  to 
serve  as  permanent  backsights  for  use  during  construction. 
Triangulation  may  have  to  be  resorted  to  in  locating  per- 
manent points  of  reference,  such  as  those  mentioned  above, 
and  enough  of  these  should  be  set  to  quicldy  locate  the 
tunnel  axis  at  any  point  from  which  construction  may  be  car- 
ried on. 

The  angular  measurements  should  be  made  with  a  precise 
transit  in  the  best  possible  adjustment  and  many  repetitions 
and  reversals  should  be  made  in  order  to  eliminate  all  appre- 
ciable errors.  A  striding  level  on  the  horizontal  axis  of  the 
telescope  is  desirable  as  aiding  in  keeping  the  plane  of  si^t 
vertical  when  marking  points  on  stations  which  are  higher  or 
lower  than  the  instrument. 

Linear  measurements  should  be  made  with  a  standardized 
steel  tape,  and  corrections  made  for  temperatiu^,  pull,  slope, 
sag,  etc.  Plumb  lines  should  be  used  for  sighting  instead  of 
rods,  though  a  rod  made  of  a  1  X 3-5 -inch,  steel-shod  strip  of 
wood  which  has  a  straight,  sharp  line  marked  on  it  from  end 
to  end  of  the  flat  side  may  be  used.  An  attached  rod-level 
enables  the  rodman  to  hold  the  rod  in  a  vertical  position  if 
the  rod-level  is  set  truly  at  right  angles  to  the  line  on  the  face 
of  the  rod.     The  best  work  can  be  done  on  cloudy  days  or 
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fi  the  early  mornings,  or  sometimes  at  night,  in  which  latter 
r,ase  plimunet  lamps  should  be  used  or  the  plumb  line  should 
be  illuminated.  Inside  the  tunnel  plummet  lamps  are  sus- 
(tended  from  plugs  let  into  the  roof,  or  from  hooks  driven 
into  the  tunbering. 

Particular  care  must  be  exercised  in  giving  points  on  curves 
in  tunnels,  in  order  to  secure  precise  alignment  of  the  tunnel 
tangent,  for  the  work  usually  proceeds  from  both  ends  and 
a  fit  must  be  made  where  the  headings  meet.  Every  possible 
check  on  angles  and  distances  should  be  taken.  Center  stakes 
should  not  set  more  than  50  feet  apart,  and  preferably  less. 
Short  tangents  whose  intersection  lies  within  the  tunnel  should 
be  run  to  the  P.I.  and  their  lengths  measured.  Also  the  long 
chord,  mid-ordinate,  and  external  as  checks.  Too  many  check 
measurements  can  not  be  had. 

To  keep  tunnels  free  from  ground-  or  seep-water,  longitudinal 
drainage  must  be  provided.  This  may  be  either  by  means  of 
open  conduits  or  covered  pipes.  Since  construction  proceeds 
from  both  ends,  there  must  either  be  a  summit  within  a  tunnel 
or  the  ground-water  must  be  kept  down  by  means  of  pumps. 
The  least  allowable  slope  for  drainage  should  be  not  less  than 
0.1  foot  in  100  feet. 

283.  Tunnel  Cross-sections  vary  greatly  in  different  tunnels 
and  may  even  vary  in  different  portions  of  the  same  tunnel 
in  cases  where  the  material  penetrated  varies  in  character. 
If  this  material  is  soHd  rock  no  Uning  may  be  needed  and  the 
sides  may  be  vertical,  the  bottom  nearly  flat,  and  the  top 
an  oval.  In  soft  material  the  cross-section  may  have  to  be 
vertical  or  nearly  so,  and  top,  bottom,  and  sides  Hned  with 
masonry.  For  single  track  tunnels  on  tangent  the  clear  width 
should  be  15,  and  preferably  16,  feet,  and  the  top  is  generally 
finished  with  a  semi-circular  arch.  On  curves  the  tunnel 
width  must  be  increased  and  the  track  set  off  center  so  as 
to  give  the  same  clearance  as  on  tangents.  For  double  track 
tunnels  the  clear  width  should  be  15  (and  preferably  16)  feet, 
feet,  plus  the  distance  between  track  centers.  The  clear  height 
above  top  of  tie  for  double-  as  well  as  single-track  tunnels 
should  be  22.5  feet.  The  arch  for  double-track  tunnels  \s 
generally  a  three-centered  oval,  the  radii  depending  upon 
the  distance  between  centers  of  tracks.  If  they  are  to  be 
lined,  tunnels  require  the  removal  of  additional  material  to 
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make  room  for  the  lining,  which  is  now  generally  of  concrete^ 
but  which  may  be  of  hard-bmned  brick. 

Measm^ments  from  which  to  determine  the  quantity  of 
material  removed  are  best  made  radially  from  a  line  in  the 
vertical  plane  of  the  axis  at  a  uniform  distance  above  the 
^rade-line.  The  angles  which  the  radial  measuring  lines  make 
with  the  vertical  are  determined  by  some  species  of  protractor, 
and  distances  out  along  the  radial  lines  by  means  of  a  sUding 
rod  attached  to  the  protractor.  By  plotting  these  measure- 
ments to  scale  on  cross-section  paper  the  area  at  each  station, 
and  sub-station,  can  be  found  by  means  of  a  planimeter,  or 
by  counting  the  number  of  squares  included  within  the  irreg- 
ular curve  which  forms  the  perimeter.  Cross-sections  should 
be  taken  at  short  intervals,  say  20  or  25  feet  along  the  axis. 
More  care  is  necessary  in  determining  the  volume  in  tunnels 
than  is  the  case  for  ordinary  earthwork,  because  the  unit  cost 
of  moving  such  material  is  much  greater  in  the  case  of  tunnels. 

Sometimes,  though  rarely,  the  tunnel  lining  is  made  of 
timber  where  this  is  inexpensive.  Either  concrete  or  high-grade 
brick  masonry  is  generally  used,  the  top  being  in  the  form  of 
an  arch.  In  crowded  cities,  where  the  head  room  is  limited, 
the  roof  may  be  flat,  being  supported  by  steel  beams. 

284.  Shafts  are  frequently  used  to  facilitate  construction 
by  offering  two  additional  working  faces  for  each  shaft,  for 
the  headings  are  driven  both  ways  from  the  bottom.  The  form 
most  frequently  used  is  rectangular,  with  the  longer  side  par^ 
allel  to  the  tunnel  axis.  For  aligning  the  headings  points 
are  carefully  located  in  the  vertical  plane  of  the  tunnel  axis, 
one  at  each  side  of  the  shaft,  and  these  points  are  transferred 
to  the  bottom  of  the  shaft  by  Unes  having  heavy  plumb  bobs, 
swung  in  water,  at  their  lower  ends.  From  a  carefully  deter- 
mined elevation  at  the  surface,  steel-tape  measurements  fix 
the  proper  grade  of  the  bottom  of  the  shaft. 

285.  Ventilation  of  Tunnels  is  generally  secured  by  the 
passage  of  trains,  though  artificial  methods  ina;y  be  employed. 
Shafts  used  during  construction  have  been  tried  as  ventilators 
afterwards,  but  with  small  success.  They  are  most  generally 
closed  after  having  served  their  purpose  during  construction. 
Artificial  ventilation  is  necessary  while  construction  work  is 
in  progress,  especially  if  much  blasting  is  necessary.     Drills 
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operated  by  compressed  air  serve  the  double  purpoee  of  oper- 
B,UBg  the  dnlls  and  supplying  fresh  air  The  expansion  of 
the  liberated  air  has  also  a  cooling  effect 

28$  Tunnel  Portals  — There  is  generally  more  or  less  open 
cutting  at  tunnel  ends,  and  as  the  overlying  material  at  en- 
trance and  exit  has  little  or  no  self-supportmg  power,  because 
of  limited  thicknesR  special  treatment  is  necessary,  both  to 
prevent  overlymg  raatenal  froin  slippmg  into  the  cuts,  and 
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for  the  sake  of  appearances  From  the  arch  and  side  walls 
a  face  wall  is  built  out  to  the  sides  of  the  cut  and  this  wall 
IS  earned  up  a  short  distance  above  the  outside  of  the  arch 
crown  This  wall  may  be  backed  by  lasers  of  loose  stones. 
carefuUj  laid  without  mortar  and  it  should  have  a  batter  of 
not  less  than  1  inch  per  foot,  and  prefcral)Iv  2  inches  per  foot 

Above  the  face  wall  the  mclined  surface  of  the  material 
overlying  the  tunnel,  and  the  planes  of  the  side  slopes  of  cut 
should  be  joined  by  a  cone-shaped  surface  having  its  axis 
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vertical.  If  the  face  of  the  excavation  can  be  made  vertical, 
Hhe  quarter  cone  will  be  as  shown  on  the  left  of  the  entrance 
in  Fig.  133.  If  battered,  it  will  be  as  shown  on  the  right. 
Owing  to  the  irregular  lines  along  which  rock  usually  breaks 
this  surface  will  not  be  truly  conical.  The  field  measurements 
on  these  "quarter  cones"  (of  which  there  are  two  to  each 
portal)  are  referred  to  the  vertex  of  the  cone  as  origin  and  its 
axis  as  the  axis  of  y;  lines  measured  at  right  angles  to  the 
i/-axis  out  to  the  actual  surface  constitute  values  of  x,  while 
the  plane  in  which  any  particular  set  of  a;'s  He  is  referred  to 
a  plane  through  the  y-axis  and  parallel  to  the  tunnel  axis, 
the  angle  between  them  being  measured  in  the  field.  A  con- 
venient value  of  the  angle  between  successive  xy  planes  is  15**. 

■  In  Fig.  133,  AB  is  the  axis  of  cone,  BC  a  Une  parallel  to 
tunnel  axis,  and  BD  a  line  at  right  angles  thereto.  The  notation 
of  the  figure  indicates  how  measurements  are  made  in  the 
90°  plane.  Similar  measurements  would  be  made  in  the  75**, 
60**,  etc.,  planes.  The  areas  in  each  plane  are  readily  com- 
puted from  the  x  and  y  coordinates. 

The  cubic  contents  of  the  quarter  cones  may  be  found  by 
one  of  the  following  methods,*  of  which  the  second  gives  more 
precise  results: 

First  Method. — By  Average  Sections.  Applicable  where  the 
several  sections  as  measured  are  not  very  irregular. 

Let  V—  volume  of  quarter  cone  in  cubic  yards;    /?= radius 

of  the  cone  which  will  be  generated  by  revolving  the  average 

section  about  the  vertical  axis;    A  =  area  of  average  section; 

2A 
H= height  of  cone.    Then,  since  R  =  -Yf, 

ti 


^=i><f  X?=25:^=»«3<-    •    •    (384) 


To  find  the  area  of  the  average  section  A  add  together  the 
half  areas  of  the  90°  and  0**  sections,  and  the  full  areas  of 
intermediate  sections,  and  divide  this  sum  by  one  less  than 
the  number  of  sections. 

Example. — Let  the  dihedral  angle  between  sections  be  15® 
and  let  the  areas  of  successive  sections,  beginning  with  the 


*  Treatment  and  example  furnished  by  Mr.  C.  M.  Kuril. 
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90®  section  and  ending  with  the  0°  section,  be  as  given  in  the 
equation  below,  the  area  of  the  average  section  will  be, 

,      \  X204.34  +340.48  +402.17  +462.13  +419.41  +476.00  +i  X594.70 
A^ g 

=416.628  square  feet. 

For  this  case  the  height  of  the  cone  is  31.9  feet,  and,  therefore;, 
by  (384),  7=0.0388^— 1^^' =211.1  cubic  yards. 

Second  Method. — By  Centers  of  Gravity  of  Sections. 

Let  y= volume  between  two  adjacent  sections  and  let  there 

be  n  such  volumes  in  each  quarter  cone.     The  dihedral  angle 

90° 
between  sections  will  therefore  be  — .    Let  Ai  and  A2  be  the 

n 

areas  of  two  successive  sections.  Let  Ri  and  R2  be  the  radii 
of  arcs  described  by  the  centers  of  gravity  when  the  sections 
are  rotated  about  the  axis  of  the  cone  through  the  angle  be- 
tween successive  sections.  Then  the  volume  between  the  two 
sections  will  be,  by  taking  the  mean  of  the  areas  and  the  mean 
of  the  radii  and  applying  Guldin's  rule,  that  the  volume  gen- 
erated by  a  moving  area  equals  that  area  multiplied  by  the 
length  of  the  path  through  which  its  center  of  gravity  is  moved, 

and  remembering  that  1°  equals  r^  in  circular  measure,  as 

loU 

below: 

90\,  TT    _  /Ri-\-R2 


V  = 


n 


Xiiox  m^)  i--^)  =8-„(«'+«')W'+^^)  --ft- 


If  n  =  6,  or  the  angle  between  successive  sections  is  15°,  the 
above  formula  reduces  to 

v=^-^(Ri+R2){Ai+A2)  cu.  ft.=^ig5(/ei+/e2)Ui+A2) 

=  0.002424(/ei-hi?2)(Ai+A2)  cu.  yds.     .     .     .     (385) 

The  centers  of  gravity  of  sections  may  be  found  by  dividing 
the  sections  into  triangles  and  trapezoids,  or  each  trapezoid 
may  be  subdivided  into  a  rectangle  and  a  triangle,  and  then 
taking  moments  about  the  vertical  axis  of  the  quarter  cone. 
The  sum  of  the  moments  divided  by  the  sum  of  the  areas 
will  give  the  radius  of  the  section. 

Example. — For  a  certain  quarter  cone  the  sum  of  the  small 
areas  for  the  section  at  90°  is  427.23  and  the  sum  of  the  moments 
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is  3849.46,  and  the  corresponding  quantities  for  the  section 
at  75°  are  383.26  and  3544.04  respectively.    Then  will  ft  = 

^^  =  9.01,    and   /2,=^^  =  9.247.    Therefore   fii+ft  = 

18.257  and  A1+A2 =810.49,  which  in  (385)  gives 

7  =  0.002424X18.257X810.49  =  35.86  cubic  yards. 

Ri  and  R2  might  have  been  found  approximately  by  plotting 
the  sections  on  cardboard  of  uniform  thickness  and  weight, 
then  cutting  out  the  resulting  irregular  figure  and  balancing 
on  a  knife-edge  parallel  to  the  axis  of  the  quarter  cone,  or  by 
suspending  from  two  different  points  and  drawing  lines  along 
the  extensions  of  the  suspending  lines,  the  intersection  of  these 
lines  marking  the  center  of  gravity.  The  determination  by 
moments  is  preferable. 

Article  23.    Finishing  Earthwork.    Track  Laying. 

287.  Center  Stakes  are  set  after  excavations  and  embank- 
ments have  been  brought  approximately  to  the  levels  caUed 
for  by  the  cross-section  stakes.  New  hubs  are  set  in  the  same 
vertical  Unes  as  the  original  hubs  which  were  placed  during 
location,  these  verticals  being  recovered  by  finding  the  inter- 
sections of  the  vertical  planes  through  two  or  more  sets  of 
reference  points.  To  do  this  the  transit  is  set  up  over  one 
of  the  hubs  in  one  of  the  reference  lines  and  the  transit  oriented 
by  sighting  another  reference  point  of  this  set.  This  line 
is  prolonged  and  two  temporary  hubs  set  a  few  feet  apart, 
with  the  axis  of  the  road  between  them.  The  transit  is  then 
moved  to  a  hub  on  another  of  the  reference  lines  and  the  prooeas 
repeated.  The  intersection  of  two  cords  stretched  between 
the  tacks  of  the  pairs  of  temporary  reference  hubs  fixes  the 
location  of  the  center  Une  hub,  which  should  be  permanently 
set.  To  avoid  setting  the  second  set  of  temporary  hubs  the 
transit  rod  may  be  moved  along  a  cord  stretched  between  the 
tacks  of  the  first  pair  until  it  is  cut  by  the  line  of  sight  when 
the  transit  is  in  its  second  position.  A  permanent  hub  18 
established  at  this  intersection. 

With  the  transit  set  over  one  of  the  recovered  center  line 
hubs,  a  pointing  is  made  to  the  next  one  and  intermediate 
center  stakes  are  set  opposite  the  stations  cross-sectioned. 
On  curves  the  center  line  is  re-run  just  as  in  location,  exoept 
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that  the  stakes  may  be  set  closer  together,  say  50  or  25  feet 
apart.    All  distances  should  be  carefully  rechamed. 

On  long  tangents  it  may  happen  that  intermediate  hubs  do 
not  all  Ue  in  the  same  vertical  plane  as  the  line  joining  the 
terminal  hubs,  so  that,  if  the  hubs  were  joined  with  each  other 
in  succession  the  resulting  line  would  contain  one  or  more 
"swings."  If  these  swings  are  small  and  tend  to  balance 
each  other,  it  may  be  possible  to  adjust  the  final  line  so  as 
to  join  the  terminal  hubs  with  a  straight  line  on  which  the 
finishing  work  is  done.  If  a  swing  is  large  it  should  be  carried 
forward  to  the  nearest  summit  and  a  small  angle  introduced 
there.  This  in  order  to  eUminate  the  unsightly  appearance 
resulting  from  badly  aligned  track.  If  placed  at  the  bottom 
of  two  adjacent  grades,  the  swing  will  still  be  apparent  to  one 
riding  on  the  rear  platform  of  a  train.  Minor  errors  of  loca- 
tion on  curves  may  be  corrected  by  sUghtly  changing  the  de- 
gree of  curve  as  run  for  finishing  purposes,  or  when  giving 
track  centers.  Swings  on  tangents  may  be  hidden  at  sum- 
mits when  setting  track  centers  if  this  has  not  previously  been 
done. 

To  insure  full  width  of  finished  roadbed,  stakes  should  be 
set  at  the  half-width  of  roadbed  out  from  the  center  stakes 
on  lines  at  right  angles  to  the  center  Une  of  roadbed. 

288.  Grade  Stakes  are  set  beside  the  center  stakes,  the  tops 
of  the  grade  stakes  being  brought  to  the  proper  elevation  for 
the  finished  roadbed.  In  fills  allowance  should  be  made 
for  shrinkage  unless  the  specifications  provide  for  its  omission. 
There  is  a  difference  of  practice  in  this  respect.  Some  spec- 
ifications require  the  grade  stakes  to  cover  this  allowance  by 
having  the  proper  amount  added  to  the  profile  grade  heights 
in  embankments,  with  the  finished  top  at  the  full  width  of 
roadbed.  Others  require  no  allowance  to  be  covered  by  the 
grade  stakes,  the  gradual  shrinkage  being  cared  for  by  periodical 
additions  of  earth  or  ballast  brought  in  by  train.  In  this  case 
the  width  of  crown  required  when  finishing  is  done  must  be 
increased  as  the  height  of  embankment  increases. 

ExAMPiiE. — Suppose  a  20-foot  fill  to  be  required  at  a  certain 
station  where  the  material  is  expected  to  shrink  8%  vertically. 
The  first  method  would  require  the  top  of  grade  stake  to  be 
set  1.6  feet  higher  than  the  established  sub-grade,  or  21.6 
feet  above  the  original  ground-surface.    If  the  final  crown  width 
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is  to  be  18  feet,  the  grade  stakes  at  sides  of  embankment  would 
be  set  9  feet  out  each  way  from  center.  The  second  method 
would  require  the  top  of  stake  to  be  driven  to  sub-grade,  or 
20  feet  above  the  original  ground-surface,  but  the  side  grade 
stakes  would,  however,  be  set  at  a  distance  out  of  9.0+1.6X1.5 
=  11.4  feet  out  on  each  side,  supposing  the  final  side  slopes  to 
be  li  to  1. 

On  tangents  grade  stakes  at  the  center  only  will  generally 
suffice,  but  on  curves  they  should  be  set  beside  the  top  side 
stakes  also,  or  the  side  stakes  should  be  driven  until  their 
tops  are  brought  to  the  required  elevation.  This  is  to  insure 
the  plane  of  the  roadbed  having  the  slope  necessary  to  secure 
the  proper  super-elevation  of  outer  rail.  Section  228  explains 
the  method  of  finding  the  plus  or  minus  addition  to  the  ele- 
vation of  top  of  center  grade  stake. 

A  second  set  of  grades  are  run  as  a  check  after  the  earth- 
work has  been  brought  to  the  tops  of  the  grade  stakes  set  in 
the  manner  described  above,  lest  any  of  these  stakes  should 
have  been  disturbed. .  Both  top  and  side  slopes  must  be  brought 
to  smooth,  neat  plane  surfaces  before  the  work  is  ready  for 
acceptance.  Sometimes  unnecessary  precision  is  required  in 
the  matter  of  finishing,  entaiUng  relatively  heavy  expense  when 
the  work  is  done  with  a  shovel.  A  steel-bladed  road-grader 
having  the  scraping  blade  set  at  right  angles  to  the  direction 
of  travel  gives  satisfactory  results  for  the  top  surface  if  manip- 
ulated by  a  skillful  operator,  who  is  directed  by  another 
man  walking  a  short  distance  behind  the  grader.  The  side 
slopes  are  usually  finished  by  hand,  but  a  suitable  drag,  or 
special  hand-guided  scraper,  drawn  by  mules,  may  be  made  to 
answer. 

289.  Sodding. — The  side  slopes,  of  embankments  especially, 
should  be  sodded  to  prevent  erosion,  particularly  while  the 
fill  is  green.  It  will  pay  to  also  sod  the  side  slopes  in  excava- 
tion, but  usually  this  necessitates  spreading  a  layer  of  rich 
surface  soil  on  the  face  of  the  cut,  whereas  this  is  not  so  fre- 
quently required  on  embankments,  especially  if  care  is  exer- 
cised in  placing  the  material  in  embankments  in  such  manner 
as  to  bring  the  original  surface  material  to  the  sides  as  the  filling 
progresses.  In  localities  where  the  seasons  are  favorable,  a 
suitable  sod  may  be  secured  by  planting  the  slopes  with  fffnm 
seed  of  such  varieties  as  thrive  in  those  particular  localitMe. 


CONSTRUCTION.  277 

Sometimes  chunks  of  surface  sod  must  be  set  at  intervals  well 
down  in  the  slope  surface  so  that  the  grass  roots  may  take 
hold  readily.  Spreading  takes  place  by  means  of  runners  sent 
out  by  the  bimches  of  sod  so  planted.  In  the  warmer  portions 
of  the  United  States,  Bermuda  grass  forms  an  excellent  tough 
sod  if  there  is  sufficient  rainfall  to  make  it  grow  thriftily.  It " 
is  better  to  plant  bunches  of  the  sod  2  or  3  feet  apart  than  to 
streak  off  furrows  and  strew  the  grass  roots,  from  which  the 
earth  has  been  shaken,  in  them,  as  is  so  generally  done  on 
levee  construction. 

Unfortimately  sodding  is  not  generally  done,  because  of  the 
added  cost  of  construction.  The  saving  in  maintenance  will, 
however,  generally  offset  the  cost  of  planting  many  times 
over. 

Because  the  angles  formed  by  the  intersection  of  two  sur- 
faces at  top  and  bottom  of  earth  side  slopes  soon  weather  into 
rounded  forms,  the  obvious  thing  to  do  is  to  round  these  off 
during  construction  before  sodding.  This  has  not  been  done 
as  generally  as  should  be  the  case.  At  the  upper  sides  of 
slopes  the  rounding  takes  place  by  erosion  and  at  the  lower 
sides  by  deposition.  In  cuts  the  removal  of  the  material 
washed  in  by  heavy  rains  is  frequently  an  item  of  consider- 
able expense.  Sodding  the  side  slopes  will  materially  reduce 
this. 

290.  Track  Centers  and  Grade  Stakes  must  be  given  in 
advance  of  the  actual  laying  of  the  track.  The  centers  consist 
of  nails  or  tacks  driven  into  the  tops  of  stout  stakes,  say  2X2 
inches  in  cross-section,  located  every  100  or  200  feet  apart 
on  tangents  and  preferably  only  50  feet  apart  on  curves.  The 
tops  of  the  center  stakes  may  be  brought  to  the  grade  of  the 
top  of  rail  and  so  made  to  serve  as  finishing  grade  stakes,  but 
it  is  better  to  set  grade  stakes  at  one  side  of  track,  the  tops 
of  these  stakes  to  be  at  the  elevation  of  top  of  rail.  If  the 
roadbed  is  not  ballasted  until  after  the  rails  have  been  laid 
on  the  sub-grade,  grade  stakes  need  not  be  given  until  just  before 
the  ballast  is  to  be  apphed.  It  is  better  for  the  final  aUgnment 
of  the  rails  to  have  the  ballasting  done  first,  but  it  is  cheaper 
to  haul  this  in  by  train  after  the  track  has  been  laid,  the  ballast 
being  worked  in  under  the  ties,  which  must  be  blocked  up  for 
the  purpose. 

If  "swings"  have  not  been  hidden  at  summits  when  thp 
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finishing  centers  were  given  this  must  be  done  when  the  track 
centers  are  set. 

Track  laying  usually  costs  from  $500  to  $600  per  mile,  de- 
pending largely  upon  the  weight  of  steel  used. 

Article  24.     Monthly  and  Final  Estimates. 

291.  Monthly  Estimates  are  made  by  the  engineers  in  charge 
of  construction  about  the  end  of  each  month,  and  upon  these 
the  division  engineer  bases  his  estimate,  which  he  forwards 
to  the  chief  engineer  for  approval.  The  contractor  receives 
his  compensation  some  days  later,  usually  about  the  15th  or 
20th  of  the  month  following.  Monthly  estimates  should  al- 
ways be  based  on  actual  measurements  and  never  guessed  at, 
particularly  if  several  classifications  are  to  be  made.  The  total 
quantity  of  work  done  or  material  delivered  is  to  be  estimated, 
then  the  difference  between  any  estimate  and  the  last  preceding 
one  will  be  the  estimate  upon  which  the  contractor  receives 
his  installments. 

.  ,  292.  For  Earthwork,  measurements  (when  needed)  are  only 
approximate,  but  it  is  best  to  make  them  with  level  and  tape 
even  for  monthly  estimates.  It  will  be  sufficient  to  compute 
volumes  by  averaging  end  areas,  no  attention  being  paid  to  the 
prismoidal  correction.  Care  must  be  taken,  however,  that  such 
estimates  are  not  in  excess — in  fact,  it  is  well  to  keep  slightly 
within  the  actual  quantities  on  account  of  the  greater  cost  and  labor 
required  to  finish  the  woik,  which  would  make  the  latter  part 
appear  so  much  less  profitable  to  the  contractor  as  sometimes  to 
induce  a  disposition  to  abandon  the  work  before  completion. 

293.  Tho  Classification  of  Earthwork. — It  is  customary  to 
group  earthwork  in  excavation,  according  to  the  difficulty  of 
removal,  into  three  classes— cartb-excavalion,  loose  rock,  and 
solid  rock — though  other  classifications  arc  frequently  made. 

Earth-excavation  includes  all  earth,  sand,  loam,  and  loosd 
stones  that  can  be  moved  with  the  plow  and  scraper. 

Loose  rock  includes  all  stones  and  detached  boulders  less  thao 
from  1  to  3  cubic  yards  in  size,  and  all  slate,  shale,  or  cemented 
gravel  requiring  the  use  of  the  pick  and  bar,  but  which  may  bo 
removed  without  blasting. 
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Solid  rock  includes  all  boulders  above  a  certain  size  (usually 
from  1  to  3  cubic  yards,  as  specified)  and  all  rock  masses  that 
cannot  be  removed  without  blasting. 

The  relative  prices  vary,  but  a  ratio  of  1:3:7  will  not  be  far 
from  an  average  for  the  more  common  conditions  arising  in  rail- 
road work. 

The  necessity  for  a  correct  classification  is  evident,  and  the 
engineer  should  keep  full  notes,  and  make  careful  measurements 
whenever  a  given  volume  involves  more  than  one  class  of  earth- 
work. It  is  customary  to  specify  that  his  decision  is  final,  and 
therefore  his  measurements  should  be  carefully  made  during  the 
progress  of  the  work,  and  notes  on  the  nature  of  material  taken 
at  the  same  time. 

A  note-book  should  be  kept  showing  the  measurements  and 
amounts  of  each  class  of  material  for  each  station,  together  with 
the  date  of  completion  and  acceptance. 

294.  A  Progress  Profile  should  accompany  the  monthly  esti- 
mate to  exhibit  graphically  the  amount  of  work  done  during  the 
month,  different  colors  being  used  for  the  different  months.  The 
final  profile  should  show  approximately  the  progress  of  the  work. 
The  colors  may  be  laid  on  with  a  brushy  or  hatchings  made  with  a 
pen;  in  neither  case  should  the  color  obscure  the  lines  of  the  pro- 
file-paper. A  duplicate  progress  profile  should  be  retained  in  the 
resident  engineer's  office;  if  transparent  profile-paper  is  employed, 
one  may  be  simply  traced  through  from  the  other.  A  further 
advantage  of  the  transparent  paper  is  that  blue-prints  of  any  por- 
tion of  the  profile  may  be  readily  made  wnen  duplicates  are 
desired,  provided  the  drawings  are  in  black  or  any  color  admit- 
ting blue  printing. 

296.  Masonry  is  to  be  measured  in  cubic  yards,  and  any 
material  on  hand,  but  not  in  place,  is  to  be  measured  and  esti- 
mated. The  classification  of  masonry  must  bo  according  to 
specifications.  Foundation -pits  for  piers  or  culverts  must  be 
measured  as  soon  as  completed,  and  before  the  masonry  has  been 
put  in  place. 

296.  Bridges    must    be   estimated   by    measurement,    or  by 

checking  up  material  in  place  and  that  on  hand  but  not  in  place. 

For  trestle  bridges,  or  foundations  requiring  piling,  the  actua! 
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number  of  linear  feet  below  cap  raust  be  measured;  this  neces- 
sitates the  constant  supervision  of  the  engineer  or  an  assistant, 
sometimes  known  as  a  ** pile-recorder,"  whose  duty  it  is  to  see 
that  all  piles  come  up  to  specifications  and  are  driven  in  accord- 
ance therewith. 

All  framing-timber  in  place,  or  delivered  but  not  in  place,  is 
to  be  included  in  the  estimute,  the  amount  being  obtained  by 
measurement. 

Steel  spans  or  trestles  are  to  be  estimated,  in  the  same  manner 
as  wooden  trestles,  by  checking  up  or  measuring  the  material  on 
band  and  in  place. 

297.  Track  Material  must  be  checked  up  either  by  the**  mate- 
rial clerk  "  or  the  engineer  in  charge  of  track.  Ballasting  prop- 
erly belongs  with  the  graduation ,  but  may  be  put  in  place  after 
the  rails  have  been  laid;  in  either  case' it  is  estimated  in  accord- 
ance with  the  specifications. 

For  preliminary  and  monthly  estimates  it  will  be  sufficient  to 

estimate  track  material  by  means  of  tables  showing  the  number 
of  cross  ties  for  a  given  spacing  and  the  weight  of  steel  for  a 
given  rail  section,  but  before  the  final  estimate  is  made  all  mate- 
rial must  be  measured  or  counted. 

298.  Blank  Estimate-sheets  are  sent  out  from  the  chief  engi- 
neer's office  to  be  filled  out  by  the  engineers  making  estimate, 
who  should  retaiu  a  copy  of  each  estimate  rendered.  On  these 
sheets  should  appear  the  total  quantity  estimated,  the  amount  of 
the  last  preceding  estimate,  and  the  estimate  for  the  month,  which 
will  be  the  difference  of  the  other  two. 

The  resident  engineer's  estimate  must  show  not  only  the  quan* 
tity  of  material,  but  its  value  in  dollars  and  cents  computed  from 
the  contract  price.  The  footings  of  the  several  columns  then 
serve  as  a  check  upon  each  other. 

299.  The  Monthly  Payments  are  not  made  for  the  full 
amount  estimated,  but  from  10  to  20  per  cent  is  retained  until 
after  the  final  estimate  has  been  made,  in  order  to  insure  llu) 
completion  of  the  work  by  the  contractor,  and  to  be  used  as  a 
fund  from  which  to  withhold  the  amount  of  damages  provided  lii 
the  contract  for  failure  to  comply  with  all  its  provisions. 
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800.  ExtraB  incideDtto  minor  changes,  or  to  the  protection  or 
drainage  of  the  work,  are  usually  shown  on  the  final  estimate,  but 
a  better  way  would  be  to  require  the  contractor  to  present  his  bill 
for  extras  at  the  end  of  each  month,  and  to  incorporate  them  in 
the  monthly  estimate  when  they  are  just.  The  engineer  should 
take  measurements  upon  any  extra  work  at  the  time  of  its  com- 
pletion, and  should  keep  a  record  thereof.  If  the  extras  are  of  a 
nature  not  admitting  of  measurement,  he  should  note  the  com- 
pensation to  be  allowed  at  the  time  the  extra  work  is  done. 

301.  The  Final  Estimate  must  include  all  earthwork  moved, 
all  material  in  bridges,  all  masonry  in  foundations,  culverts,  piers, 
and  tunnels,  and  all  other  material  supplied  or  work  done  in 
compliance  with  the  contract.  The  engineer  should  keep  his 
notes  full  and  complete  during  the  construction  of  the  work,  in 
order  to  be  able  to  meet  the  contractor's  claims  for  extras  or  com- 
plaints as  to  classification.  Any  items  that  may  have  been  over- 
looked in  making  up  the  monthly  estimates  must  be  includea 
here. 

302.  Acceptance. — Until  the  engineer  has  pronounced  the 
work  satisfactory  and  formally  accepted  it  the  contractor  is 
liable  for  its  condition,  and  must  make  good  all  damage  caused 
by  accident  or  storm.  The  road -bed  and  track  may  be  accepted 
without  special  test;  but  all  spans  should  be  subjected  to  a  speci- 
fied test-load,  under  which  they  must  show  not  more  than  a  cer- 
tain maximum  deflection,  so  their  acceptance  will  come  last. 

Sometimes  the  contract  requires  a  particular  structure  or  class 
of  structures  to  be  maintained  in  good  order  for  a  certain  length 
of  time  after  completion,  and  a  percentage  is  retained  to  cover 
the  case. 

After  final  acceptance  the  work  is  paid  for  in  accordance  with 
the  final  estimate. 
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TABLE  I.— RADII. 


285 


Deg. 


1 
2 
8 

4 

6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
80 

81 

8^ 
84 
85 
86 
87 
88 
89 
40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
60 

61 
12 
53 
64 
65 
56 
57 
58 
59 
60 


Radius. 


Infinite 
818775 
171887 
11459-^ 
85943. 7i 
68754  9 
57^95.8: 
49110.71 
42971.8! 
88197.2 
34377.5 

81252.3 
28647.8 
26444.2 


2455.5 
2:>918 
21185 
202W 

19098 
18093 
17188.8 


16370.2 
15626.1 
14946.7 
148-33.6 
13751.0 
13222.1 
12732.4 
12277.7 
11861.3 
11459.2 

11089  6 

10748  0 

10417.5 

10111.1 

9822.18 

9549.31 

9291 .29! 

9046.75: 

8814.78 

8594.42 

8384.80 
8185.16 
7994.81 
7813.11 
7639.49 
7473.42 
7314.41 
7162.03 
7015  87 
6875.55 

6740.74 
6611.12 
6486.38 
6366.26 
6250.51 
6138.90 
603K20 
6927.22 
6826.76 
6729.65 


Deg. 

Radius. 

Deg. 

l«»  0' 

6729.65 

oo  O' 

1 

5686.72 

1 

2 

6544.83 

2 

8 

6456.82 

8 

4 

5371.66 

4 

6 

5288.92 

5 

6 

6208.79 

6 

7 

6131.05 

7 

8 

5055.59 

8 

0 

4982.33 

9 

10 

4911.16 

10 

11 

4841.98 

11 

12 

4774.74 

12 

13 

4709.33 

13 

14 

4645.69 

14 

15 

458;i.75 

15 

16 

4523.44 

16 

17 

4464.70 

17 

18 

4407.46 

18 

19 

4351.67 

19 

20 

4297.28 

20 

21 

4244.23 

21 

22 

4192.47 

22 

23 

4141.96 

23 

24 

4092.66 

24 

25 

4044  51 

25 

26 

3997.49 

26 

2? 

3951.54 

27 

28 

3906.54 

28 

29 

3862.74 

29 

30 

3819.83 

30 

31 

3777.85 

31 

32 

3736.79 

32 

m 

3696  61 1 

33 

84 

36.57.29' 

34 

Zo 

3618.80 

85 

36 

a58l.lO 

36 

37 

:3544.19 

37 

38 

3508.021 

38 

39 

34?2..59, 

39 

40 

3437.87 

40 

41 

3403  83 

41 

42 

3370.40 

42 

43 

3;«7.74| 

43 

44 

3305.65 

44 

45 

3274.171 

45 

46 

3243.29 

46 

47 

3212.98 

47 

48 

3183.23 

48 

49 

81.54.03 

49 

50 

3125.36 

60 

61 

3097.20 

51 

52 

3069.55 

52 

63 

3042.39 

53 

54 

3015.71 

54 

5^ 

2989.48 

55 

56 

296S.71 

56 

67 

29:^.39 

57 

68  i  2918.49 

58 

69 

2889.01 i 

59 

60 

2864.9^1 

60 

Radius. 


2864.93 
2841.26 
2817.97 
2795.06 
2772.53 
2750.35 
2728  52 
2707.04 
2685.89 
2665.08 
2644.58 

2624.39 
2604.51 
2584.93 
2565  65 
2546.64 
2527.92 
2509.47 
2491.29 
2473.37 
2455.70 

2438.29 
2421.12 
2404.19 
2387.50 
2371 .04 
2354.80 
2338.78 
2322.98 
2307.39 
2292.01 

2276.84 
2261.86 
2247.08 
2232.49 
2218.09 
2203.87 
2189.84 
2175.98 
2162.30 
2148.79 

2135.44 

2122.26 

2109.24 

2096.39 

2083.68 

2071 

2058 

2046.48 

2a34.37 

2022.41 

2010.59 
1998.90 
1987.3.5 
1975.93 
1964.64 
1953.48 
1942.44 
1931.53 
1920.75 
1910.08 


13 
73 


Deg. 

Radius. 

3«  0' 

1910.08 

1 

1899.53 

2 

1889.09 

8 

1878.77 

4 

1868.56 

6 

1858.47 

6 

1848.48 

7 

ia38.59 

8 

1828.82 

9 

1819.14 

10 

1809.57 

11 

1800.10 

12 

1790.73 

13 

1781.45 

14 

1772  27 

15 

1763.18 

16 

1754.19 

17 

1745.26 

18 

1736.48 

19 

1727.75 

20 

1719.12 

21 

1710  56 

22 

1702.10 

23 

1693.72 

24 

1685.42 

25 

1677.20 

26 

1669.06 

27 

1661.00 

28 

1653.01 

29 

1645.11 

80 

1637.28 

31 

1629.52 

32 

1621.84 

33 

1614.22 

34 

1606.68 

35 

1599.21 

36 

1591.81 

37 

1584.48 

38 

1577.21 

89 

1570.01 

40 

1662.88 

41 

1555.81 

42 

1548.80 

43 

1541.86 

44 

1534.98 

45 

1528.16 

46 

1.521.40 

47 

1514.70 

48 

1508.06 

49 

1501.48 

50 

1494.95 

51 

1488.48 

52 

1482.07 

63 

1475.71 

54 

1469.41 

65 

14^3.16 

56 

1456.96 

57 

1450.81 

68 

1444.72 

69 

1438.68 

60 

1432.69 

Deg. 

Radius. 

4«  O' 

1432.69 

1 

1426.74 

2 

1420.85 

3 

1415.01 

4 

1409.21 

5 

1403.46 

6 

1397.76 

7 

1392.10 

8 

1386.49 

9 

1380.92 

10 

1376.40 

11 

1369.92 

12 

1364.49 

13 

1359.10 

14 

1353.75 

15 

1348.45 

16 

i;J43.16 

17 

i;«7.65 

18 

1332.77 

19 

1327.63 

80 

1322.53 

21 

1317.46 

22 

1312.43 

23 

1807.46 

24 

1302.50 

25 

1297.58 

26 

1292.71 

27 

1287.87 

28 

1288.07 

29 

1278.80 

30 

1278.57 

81 

1268.87 

32 

1264.21 

S3 

1259.5S 

34 

1254.96 

35 

1250.42 

36 

1245.89 

37 

1241.40 

38 

1236.94 

89 

1232.51 

40 

1228.11 

41 

1228.74 

42 

1219.40 

43 

1215. 3<J 

44 

1210.82 

45 

1206.57 

46 

1202.36 

47 

1198.17 

48 

1194.01 

49 

1189.88 

60 

1185.78 

61 

1181.71 

52 

1177.66 

63 

1173.65 

54 

1169.66 

55 

1165.70 

56 

1161.76 

67 

1157.85 

68 

1163.97 

69 

1160.11 

60 

1146.28 

;iS6 
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Deg. 

Radius. 

Deg. 

Radius. 

Deg. 

Radius. 

Deg. 

Radius. 

Deg. 

Radius. 

1146.28 

(i°(y 

955.37 

VO' 

818.04 

s°(y 

716.34 

O^C 

636.78 

I 

1142.47 

1 

952.72 

1 

810.70 

1 

714.85 

1 

635.61 

2 

1138.69 

2 

950.09 

2 

814.76 

2 

713.37 

2 

684.44 

3 

1184.94 

3 

947.48 

3 

812.83 

3 

711.90 

8 

638.27 

4 

1131.21 

4 

944.88 

4 

810.92 

4 

710.43 

4 

632.10 

6 

1127.50 

5 

942.29 

5 

809.01 

5 

708.96 

5 

680.94 

6 

1123.82 

6 

939.72 

6 

807.11 

6 

707.51 

6 

629.79 

7 

1120.16, 

7 

937.16 

7 

805.22 

7 

706.05 

7 

628.  &4 

8 

1116.52! 

8 

934.62 

8 

803.34 

8 

704.60 

8 

627.49 

9 

1112.91, 

9 

932.09 

9 

801.47 

9 

703.16 

9 

626.36 

10 

1109.33' 

1 

10 

929.57 

10 

799.61 

10 

701.73 

10 

626.21 

11 

1105.76 

11 

927.07 

11 

797.75 

11 

700.30 

11 

624.08 

13 

1102.22 

12 

924.58 

12 

795.91 

12 

698.88 

12 

622.95 

13 

1098.70; 

13 

922.10 

13 

794.07 

13 

697:46 

13 

621.82 

14 

1095.20 

14 

919.64 

14 

792.24 

14 

696.05 

14 

620.70 

15 

1091.73; 

15 

917.19 

15 

790.42 

15 

694.66 

16 

619.68 

16 

1088.28 

16 

914.75 

16 

788.61 

16 

693.24 

.     18 

618.47 

17 

1084.85 

17 

912.33 

17 

786.80 

17 

691.85 

17 

617.86 

IS 

1081.44 

18 

909.92 

18 

785.01 

18 

690.46 

18 

616.26 

19 

1078.05 

19 

907.52 

19 

783.22 

19 

689.08 

19 

615  16 

20 

1074.68 

20 

905.13 

20 

781.44 

20 

687.70 

20 

614.05 

21 

1071.34 

21 

902.76 

21 

779.67 

21 

686.83 

21 

618.96 

22 

1068.01 

22 

900.40 

22 

777.91 

22 

684.96 

22 

611.87 

23 

1064.71 

23 

898.05 

23 

776.15 

23 

683.60 

23 

610.78 

24 

1061.43 

24 

895.71 

24 

774.40 

24 

682.25 

24 

609.70 

25 

1058.16 

25 

893.39 

25 

772.66 

25 

680.89 

25 

608.62 

26 

1054.92 

26 

891.08 

26 

770.93 

26 

679.55 

26 

607.56 

27 

1051.70 

27 

888.78 

27 

769.21 

27 

678.21 

87 

606.48 

28 

1048.48 

28. 

886.49 

28 

767.49 

28 

676.88 

28 

605.41 

29 

1045.31 

29 

884.21 

29 

705.78 

29 

675.54 

29 

604.86 

30 

1042.14 

30 

881.95 

30 

764.08 

30 

674.22 

80 

608.20 

31 

1039.00 

31 

879.69 

31 

762.39 

31 

672.90 

81 

602.88 

32 

1035.87 

32 

877.45 

32 

700.70 

32 

671.59 

82 

60kl8 

as 

1032.76 

33 

875.22 

33 

759  02 

33 

670.28 

83 

600.18 

34 

1029.67 

34 

873.00 

34 

757.35 

34 

668.98 

34 

600.00 

35 

1026.60 

35 

870.80 

35 

755.69 

35 

6<>7.68 

85 

586.04 

36 

1023.55 

36 

808.60 

36 

754.03 

36 

666.39 

86 

607.01 

37 

1020.  r,i 

37 

866.41 

37 

752.38 

37 

665.10 

87 

605.97 

38 

1017.49 

38 

804.24 

38 

750.74 

38 

603.82 

88 

504.94 

39 

1014.50 

39 

802.08 

39 

749.10 

39 

662.54 

89 

608.91 

40 

1011.51 

40 

859.92 

40 

747.48 

40 

661.26 

40 

502.89 

41 

1008.55 

41 

857.78 

41 

745.86 

41 

659.99 

41 

691.87 

42 

1005.60 

42 

855.65 

42 

744.24 

42 

658.73 

42 

590.85 

43 

1002.67 

43 

853.53 

43 

742.63 

43 

657.47 

48 

689.84 

44 

999.76 

44 

851.42 

44 

741.03 

44 

656.22 

44 

668.88 

45 

996.87 

45 

849.32 

45 

739.44 

45 

6.54.97 

46 

567.88 

46- 

993.99 

46 

847.23 

46 

737.80 

46 

653.72 

46 

666.88 

47 

991.18 

47 

845.15 

47 

730.28 

47 

652.48 

47 

586.88 

48 

988.28 

48 

843.08 

48 

7;m.70 

48 

651.25 

48 

584.88 

49 

985.45 

49     841.02 

49 

733.14 

49 

650.02 

49 

688.84 

50 

982.04 

50 

838.97 

50 

731.68 

50 

648.79 

60 

588.85 

61 

979.84 

51 

836.93 

51 

730.03 

51 

647.57 

51 

561.86 

5a 

977.00 

52 

834.90 

52 

728.48 

52 

646.36 

62 

580.88 

53 

974.29 

53 

832.89 

53 

726.94 

53 

645.14 

68 

579.90 

54       971.54 

M 

830.88 

54 

725.41  ; 

54 

043.94 

64 

578.98 

55  1     968.81 

55 

828.88 

5r> 

723.88 

65 

642  73 

56 

577.95 

56  '     906.09 

50 

826.89 

56 

722.30 

56 

641.53 

56 

5?«.96 

57  '    963.30 

57 

824.91 

57 

720  K") 

67 

610.34 

67 

576.08 

58  i    900.70 

58 

822.93 

58 

71 9.. -M 

58 

639.16 

68 

675.06 

59 

95.S.03 

59 

820.97 

59 

717. S4 

69 

637.96 

59 

574.10 

GO 

955.37 

60 

819.02 

60 

710. :;4 

1 

60 

6:)6.T8 

80 

873.14 

I  • 

. 
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Deg. 

Radius. 

Deg. 

Radius. 

Deg. 

Radius. 

Deg. 
16"  0' 

Radius. 

Deg. 

Radius. 

lO-tK 

573.14 

12»0' 

477.68 

14*' 0' 

409.32 

358.17 

18°  0' 

318.39 

2 

671,24 

2 

476.36 

2 

408.35 

2 

357.43 

2 

317.80 

4 

569.35 

4 

475.05 

4 

407.38 

4 

356.69 

4 

317.22 

6 

567.47 

6 

473.74 

6 

406.42 

6 

355.95 

6 

316.63 

8 

565.60 

8 

472.44 

8 

405.46 

8 

355.21 

8 

316.05 

10 

563.75 

10 

471.15 

10 

404.51 

10 

354.48 

10 

315.47 

12 

561.91 

12 

469.86 

12 

40:3.56 

12 

353.75 

12 

314.89 

14 

560.08 

14 

468.58 

14 

402.61 

14 

353.03 

14 

314.82 

16 

558.26 

16 

467.31 

16 

401.67 

16 

352.30 

16 

313.75 

18 

556.45 

18 

466.04 

18 

400.74 

18 

351.58 

18 

313.18 

20 

554.66 

20 

464.78 

20 

399.80 

20 

350.86 

20 

312.61 

22 

552.88 

22 

463.53 

22 

398.88 

22 

350.15 

22 

312.04 

24 

551.11 

24 

462.29 

24 

397.95 

24 

349.44 

24 

311.47 

26 

549.35 

26 

461.05 

26 

397.03 

26 

348.72 

26 

310.91 

28 

547.60 

28 

459.82 

28 

396.13 

28 

348.02 

28 

310.35 

90 

545.87 

30 

458.59 

30 

395.21 

30 

347.32 

SO 

309.79 

32 

544.14 

32 

457.38 

32 

394.30 

32 

346.62 

32 

309.23 

84 

542.42 

34 

456.16 

34 

393.40 

84 

345.93 

34 

308.68 

36 

540.72 

36 

454.96 

36 

392.50 

36 

345.23 

36 

308.13 

38 

539.03 

38 

453.76 

38 

391.61 

38 

344.54 

38 

307.58 

40 

537.34 

40 

452.57 

40 

390.72 

40 

343.85 

40 

307.03 

42 

535  67 

42 

451. :« 

42 

389.83 

42 

343.16 

42 

306.48 

44 

534.01 

44 

450.20 

44 

388.95 

44 

342.48 

44 

305.93 

46 

532.36 

46 

449.02 

46 

388.07 

46 

341.80 

46 

305.39 

48 

530.71 

48 

447.86 

48 

387.20 

48 

341.12 

48 

304.85 

50 

529.08 

50 

446.69 

50 

386.33 

60 

340.45 

50 

304.31 

52 

527.46 

52 

445.54 

52 

385.47 

52 

339.78 

52 

303.77 

54 

525.85 

54 

444.39 

54 

384.60 

54 

339.11 

54 

303.24 

56 

524.25 

56 

443.24 

56 

383.75 

56 

338.44 

56 

302.70 

58 

522.65 

58 

442.11 

58 

382.89 

58 

337.77 

58 

302.17 

11«0' 

521.07 

18°  0' 

440.97 

15«0' 

382.04 

17°  0' 

a37.11 

19°  0' 

301.64 

2 

519.50 

2 

439.85 

2 

381.19 

2 

336.45 

2 

301.12 

4 

517.93 

4 

438.73 

4 

380.35 

4 

335.80 

4 

300.59 

6' 

516.38 

6 

437.61 

6 

379.51 

6 

385.14 

6 

300.07 

8 

514.84 

8 

436.50 

8 

378.68 

8 

334.49 

8 

299.54 

10 

513.80 

10 

435.40 

10 

377.84 

10 

333.84 

10 

299.02 

12 

511.77 

12 

434.30 

12 

377.02 

12 

333.19 

12 

298.50 

14 

510.26 

14 

433.21 

14 

376.19 

14 

332  55 

14 

297.99 

16 

508.75 

16 

432.12 

16 

375.37 

16 

331.91 

16 

297.47 

18 

507.25 

18 

431.04 

18 

374.55 

18 

331. 2 r 

18 

296.96 

20 

505.76 

20 

429.96 

20 

373.74 

20 

330.63 

20 

296.45 

22 

504.28 

22 

428.98 

22 

372.93 

22 

330.00 

22 

295.94 

24 

502.80 

24 

427.82 

24 

372.12 

24 

329.37 

24 

295.43 

26 

501.34 

26 

426.76 

26* 

371.32 

26 

328.74 

26 

294.92 

28 

499.88 

28 

425.71 

28 

370.52 

28 

3-^8.11 

28 

294  42 

30 

498.43 

80 

424  66 

30 

369.72 

30 

327.48 

30 

293.91 

82 

496.99 

32 

423.61 

32 

368.93 

82 

326.86 

32 

293.41 

34 

495.56 

84 

422.57 

34 

368.14 

34 

326.24 

34 

292.91 

86 

494.14 

36 

421.54 

36 

867.35 

36 

325.62 

36 

292.41 

38 

492.73 

38 

420.51 

38 

366.57 

38 

325.01 

38 

291.92 

40 

491.32 

40 

419.49 

40 

365.79 

40 

324.40 

40 

291.42 

42 

489.92 

42 

418.47 

42 

365.01 

42 

823.79 

42 

290.93 

44 

488.53 

44 

417.45 

44 

364.24 

44 

323.18 

44 

290.44 

46 

487.15 

46 

416.44 

46 

363.47 

46 

322.57 

40 

289.95 

48 

485.77 

48 

415.44 

48 

362.70 

48 

821.97 

48 

289.46 

50 

484.40 

50 

414.41 

50 

361.94 

50 

321.37 

50 

288.98 

52 

483.05 

52 

413.44 

52 

361.18 

52 

320.77 

52 

288.49 

54 

481.69 

54 

412.45 

.^)4 

360  42 

54 

320.17 

54 

288.01 

56 

430.35 

56 

411.47 

.5(i 

3.59.67 

56 

319.57 

56 

287.53 

58 

479.01 

58 

410.49 

58 

358. 9-2 

58 

318.98 

58 

287.05 

60 

477.68 

60 

409.51 

GO 

358.17 

60     318.39 

60 

286.57 

288   TABLE  la.— RADII  OF  METRIC  CURVES— 20  M.  CHORDS. 


Def. 

Radius. 

Def. 

Radius. 

Def. 

Radius. 

Def. 

Radius. 

Def. 

Radius. 

Ang. 

Meters. 

Ang. 

Meters. 

Ang. 

Meters. 

Ang. 

Meters. 

Ang. 

Meters. 

0°    0' 

Infinite 

2°      0' 

286.54 

4°      0' 

143.36 

6°    0' 

95.67 

8°    0' 

71.85 

2 

17188.74 

2 

281.84 

2 

142.17 

2 

95.14 

2 

71.66 

4 

8594.37 

4 

277.30 

4 

141.01 

4 

94.62 

4 

71.26 

6 

5729.58 

6 

272.90 

6 

139.87 

6 

94.11 

6 

70.97 

8 

4297 . 19 

8 

268.64 

8 

138.74 

8 

93.60 

8 

70.68 

10 

3437.75 

10 

264.51 

10 

137.63 

10 

93.09 

10 

70.40 

12 

2864.79 

12 

260.50 

12 

136.54 

12 

92.59 

12 

70.11 

14 

2455.54 

14 

256.61 

14 

135.47 

14 

92.10 

14 

69.83 

16 

2148.60 

16 

252.84 

16 

134.41 

16 

91.61 

16 

69.55 

18 

1909.87 

18 

249.18 

18 

133.37 

18 

91.13 

18 

69.27 

20 

1718.88 

20 

245.62 

20 

132.35 

20 

90.65 

20 

69.00 

22 

1562.62 

22 

242.16 

22 

131.34 

22 

90.18 

22 

68.73 

24 

1432.41 

24 

238.80 

24 

130.35 

24 

89.71 

24 

68.45 

26 

1322.22 

26 

235.54 

26 

129.37 

26 

89.25 

26 

68.19 

28 

1227.78 

28 

232.35 

28 

128.40 

28 

88.79 

28 

67.92 

30 

1145.93 

30 

229.26 

30 

127.45 

30 

88.34 

30 

67.65 

32 

1074.31 

32 

226.24 

32 

126.52 

32 

87.89 

32 

67.39 

34 

1011.12 

34 

223.31 

34 

125.60 

34 

87.44 

34 

67.13 

36 

954.95 

36 

220.44 

36 

124.69 

36 

87.00 

36 

66.87 

38 

904.69 

38 

217.66 

38 

123 .  79 

38 

86.57 

38 

66.62 

40 

859.46 

40 

214.94 

40 

122.91 

40 

86.14 

40 

66.36 

42 

818.53 

42 

212.29 

42 

122.04 

42 

85.71 

42 

66.11 

44 

781.33 

44 

209.70 

44 

121.19 

44 

85.29 

44 

66.86 

46 

747.36 

46 

207.17 

46 

120.34 

46 

84.87 

46 

66.61 

48 

716.23 

48 

204.71 

48 

119.51 

48 

84.46 

48 

66.37 

50 

687.57 

50 

202.30 

50 

118.68 

50 

84.05 

50 

66.12 

52 

661 . 13 

52 

199.95 

52 

117.87 

52 

83.64 

52 

64.88 

54 

636.65 

54 

197.66 

54 

117.07 

54 

83.24 

54 

64.64 

56 

613.91 

56 

195.41 

56 

116.28 

56 

82.84 

66 

64.40 

58 

592.74 

58 

193.22 

58 

115.51 

58 

82.45 

58 

64.16 

lo    0' 

572.99 

3°      0' 

191.07 

6°      0' 

114.74 

70       Q/ 

82.06 

90    0' 

63.92 

2 

554.51 

2 

188.98 

2 

113.98 

2 

81.67 

2 

63.69 

4 

537.18 

4 

186.92 

4 

113.23 

4 

81.28 

4 

63.46 

6 

520.90 

6 

184.92 

6 

112.49 

6 

80.91 

6 

63.23 

8 

505.58 

8 

182.95 

8 

111.76 

8 

80.53 

8 

63.00 

10 

491.14 

10 

181.03 

10 

111.05 

10 

80.16 

10 

62.77 

12 

477.50 

12 

179.14 

12 

110.34 

12 

79.79 

12 

62.66 

•    14 

464.60 

14 

177.. 30 

14 

109.63 

14 

79.42 

14 

62.32 

16 

452.37 

16 

175.49 

16 

108.94 

16 

79.06 

16 

62.10 

18 

440.77 

18 

173.72 

18 

108.26 

18 

78.70 

18 

61.88 

20 

429.76 

20 

171.98 

20 

107.58 

20 

78.34 

20 

61.66 

22 

419.28 

22 

170.28 

22 

106.92 

22 

77.99 

22 

61.44 

24 

409.30 

24 

168.62 

24 

406.26 

24 

77.64 

24 

61.23 

26 

399.78 

26 

166.98 

26 

105.61 

26 

77.30 

26 

61.01 

28 

390.70 

28 

165.38 

28 

104.97 

28 

76.95 

28 

60.80 

30 

382.02 

30 

163.80 

30 

104 . 33 

30 

76.61 

30 

60.69 

32 

373.71 

32 

162.26 

3^ 

103.71 

32 

76.28 

32 

60.38 

34 

365.76 

34 

160.75 

34 

103.09 

34 

75.94 

34 

60.17 

36 

358.15 

36 

159.26 

36 

102.48 

36 

75.61 

36 

69.96 

38 

350.84 

38 

157.80 

38 

101.87 

38 

75.28 

38 

69.76 

40 

343.82 

40 

156.37 

40 

101.28 

40 

74.96 

40 

69.65 

42 

337.08 

42 

154.96 

42 

100.68 

42 

74.63 

42 

69.36 

44 

330.60 

44 

153.58 

44 

KM).  10 

44 

74.31 

44 

69.15 

46 

324.37 

46 

152.22 

40 

99.52 

46 

74.00 

46 

68.95 

48 

318.36 

48 

150.89 

48 

98.95 

48 

73.68 

48 

68.75 

50 

312.58 

50 

149.58 

50 

98.39 

50 

73.37 

50 

68.55 

52 

307.00 

52 

148.29 

'        52 

97 .  83 

52 

73.06 

52 

68.36 

54 

301.61 

54 

147.03 

54 

97.28 

54 

72.76 

54 

68.16 

56 

296.41 

56 

145.78 

56 

96.74 

56 

72.45 

66 

67.97 

58 

291.39 

58 

144. 50 

58 

96.20 

58 

72.15 

68 

57.78 

60 

286.54 

60 

1-13  ?G 

on 

95.67 

60 

71.85 

60 

57.50 

Table  ii.— minutes  in  decimals  of  a  degree.  28J 


0 

1 

2 
8 

4 
5 
6 

7 

8 

9 

10 

11 

12 

la 

14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
88 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
65 
66 
57 
68 
69 


10- 


.00000 
.01667 
.08338 
.05000 
.06667 
.06333 
.10000 
.11667 
.13333 
.15000 
.16667 

.18333 

.20000 

.21667  i 

.23338 

.25000 

.26667 

.28333 

.30000 

.31667 

.33333 

.35000 
.36667 
.38333 
.40000 
.41667 
.43333 
.45000 
.46667 
.48333 
.50000 

.51667 
.53333 
.55000 
.56667 
.58333 
.60000 
.61667 
.63333 
.65000 
.66667 

.68333 
.70000 
.71667 
.73333 
.75000 
.76667 
.78333 
.80000 
.81667 
.83333 

.85000 
.86667 
.88333 
.90000 
.91667 
.93333 
.95000 
.96667 
.08333 

"or 


00278 
01944 
03611 
05278 
06944 
08611 
10:278 
U944 
13611 
15278 
16944 

18611 
20278 
21944 
23611 
25278 
26944 
28G11 
30278 
31944 
33011 

35278 
30944 
38611 
40278 
41944 
43611 
45278 
46914 
48611 
50278 

51944 
53611 
55278 
56944 
58611 
60278 
61944 
63611 
05278 
66944 

68611 
70278 
71944 
73611 
75278 
76944 
78611 
80278 
81944 
83611 

a5278 
86944 
88011 
90278 
91944 
93611 
95278 
96044 
98611 

10" 


16' 

ao" 

.00417 

.00556 

.02083 

.02222 

.03750 

.03889 

.05417 

.05556  1 

.07083 

.0?-J22 

.08750 

.08889 

.10417 

.10556 

.12083 

.12222 

.13750 

.13889 

.15417 

.15556 

.17083 

.17222 

.18750 

.18889 

.20417 

.20556 

.22033 

.22222 

.23750 

.23889 

.25417 

.25556 

.27083 

.2?.J22 

.28750 

.28889 

.30417 

.30556 

.32083 

.32^22 

.33750 

.33889 

.35417 

.35556 

.37083 

.37222 

.38750 

.38889 

.40417 

.40556 

.42083 

.42222 

.43750 

.43389 

.45417 

.45556 

.47083 

.47222 

.48750 

.48889 

.50417 

.50556 

.52083 

.52222 

.53750 

.53839 

.55417 

.55556 

.57083 

.57222 

.58750 

.58889 

.60417 

.60550 

.62083 

.62222 

.63750 

.63889 

.65417 

.65556 

.67083 

.6?222 

.68750 

.68889 

.70417 

.70556 

.72083 

.72222 

.73750 

.78889 

.75417 

,75')56 

.77083 

.77222 

.^750 

.78889 

.80417 

.80556 

.82083 

.82222 

.83750 

.83889 

.a'yll? 

.85556 

.87083 

.87222 

.88750 

.88889 

.90417 

.905'>6 

.92083 

.92222 

.a3750 

.93889 

.95417 

.95^56 

.97083 

.97222 

.98750 

.96889  i 

1  , 

15- 

20"   1 

80- 


.00633 
.02500 
.04167 
.05833 
.07500 
.09167 
.10833 
.12500 
.14167 
.15833 
.17500 

.19167 
.20833 
.22500 
.JM167 
.25833 
.27500 
.29167 
.30833 
.32500 
.84167 

.35833 
.37500 
.39167 
.40833 
.42500 
.44167 
.45833 
.47500 

.491 or 

.50833 

.52500 
.54167 
.55833 
.57500 
.59167 
.«0833 
.02500 
.64167 
.65833 
.67500 

.69167 
.70833 
.72500 
.74167 
.75883 
.77500 
.79107 
.oUW'jo 
.82500 
.84107 

.85833 
.87500 
.89167 
.908:33 
.92:)00 
.94167 
.958:i3 
.97:)()0 
.99107 


30' 


4r 

46- 

.01111 

.01250 

.02778 

.02917 

.04444 

.04583 

.06111 

.06250 

.07778 

.07917 

.09444 

.09583 

.11111 

.11250 

.12778 

.12917 

.14444 

.14583 

,16111 

.16250 

.17778 

.17917 

.19444 

.19583 

.21111 

.21250 

.22778 

.22917 

.^4444 

.»4583 

.26111 

.26250 

.27778 

.27917 

.29444 

.29583 

.31111 

.31250 

.82778 

.82917 

.34444 

.34583 

.36111 

.86250 

.37778 

.87917 

.39444 

.39583 

.41111 

.41250 

.42778 

.42917 

.44444 

.44588 

.46111 

.46250 

.47778 

.47917 

.49444 

.49583 

.51111 

.51250 

.62778 

.B2917 

.54444 

.54583 

.56111 

.56250 

.57778 

.57917 

.6W44 

.59583 

.61111 

.61250 

.62778 

.62917 

.64444 

.64583 

.66111 

.66250 

.67778 

.67917 

.69444 

.69563 

.71111 

.71250 

.72778 

.72917 

.74444 

.74588 

.76111 

.76250 

.77773 

.77917 

.79+14 

.79583 

.81111 

.81250 

.82778 

.82917 

.84444 

.84583 

86111 

.86250 

.87778 

.87917 

.89444 

,89583 

.91111 

.91250 

.92778 

.92917 

.94444 

.94583 

.96111 

.96250 

.97778 

.97917 

.99444 

.99583 

40- 

46' 

80- 


01389 
03055 
04722 
06389 
08056 
09722 
11389 
13056 
14722 
16389 
18050 

19722 
21889 
23056 
24722 
26389 
28056 
29722 
31389 
33056 
34722 

86369 
38056 
89722 
41389 
43056 
44722 
46389 
48056 
49722 
51389 

63056 
64722 
66389 
68056 
69722 
61389 
63056 
64722 
66389 
68066 

69722 
71389 
73056 
74722 
76389 
78056 
79722 
81389 
83056 
84722 

66389 
88056 
89722 
91389 
93056 
94722 
96389 
96056 
99722 

60- 
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TABLE  IV.— LONG  CHORDS. 


Degree 

of 
Curve. 


10« 


11 


12 


13 


14 


0' 
10 
i20 
30 
40 
50 

10 

ao 

30 
40 
50 

10 
20 
30 
40 
50 

10 
20 
30 
40 
50 


Actual  Arc, 

One 

Station. 


100.032 
.033 
.034 
.035 
-.036 
.037 

100.038 
.040 
.041 
.042 
.043 
.044 

100.046 
.047 
.048 
.050 
.051 
.052 

100.054 
.055 
.056 
.058 
.059 
.001 

100.062 


99.91 

99.90 

99.90 

99.90 

99.89 

99.89 

99.88 

99.88 

99  88 

99.87 

99.8? 

99.87 

99.86 
99.86 
99.85 
99  85 
99.85 
99.84 
99.84 
99.84 
99.83 
99.83 
99.82 
99.82 
99  81 


Long  Choi-ds. 


1  2  3 

Station.    Stations.  Stations. 


4  5 

Stations.  StatiuDs 


199  05 
199.02 
198.98 
198.95 
198.92 
198.88 
198.85 
198.81 
198  78 
198.74 
198.71 
198.67 

198.63 
198.59 
198.56 
198.51 
198.48 
198.43 
198.39 
198.35 
198.31 
198.27 
198.23 
198.18 
198.14 


296  68 
296.57 
296.45 
296.33 
296.22 
296.10 
295. 98 
295.86 
295.74 
295.61 
295.48 
295.35 

295.22 
295.09 
294.95 
294.82 
294.68 
294.5^ 
294. 4U 
294.26 
294.11 
293.96 
293.81 
293.66 
293.51 


392.05 

391.79 

391.51 

391.24 

390.96 

390.68 

390.39 

390.10 

389.81 

389.50 

389.20 

388.89 

388.58 
388.27 
387.95 
387.62 
387.29 
386.95 
386.62 
386.28 
385.93 
385.58 
385.23 
384.87 
384.51 


484.44 
483. 9-i 
483. 8 J 
4S>.86 
482.32 
481.77 
481.21 
480.64 
480.07 
479.48 
478.89 
478.29 

477.68 
477  07 
476.44 
475.81 
475.18 
474.62 
473.87 
473.20 
472.53 
471.86 
471.17 
470.48 
469.77 


TABLE  v.— MID-ORDINATES   TO  LONG  CHORDS. 


Degree  of  1  2  3  4  5  6 

Curve.       Station.    Stations.  Stations.  Stations.     Stations.    Stations. 


.04 
.07 
.11 
.15 
.18 
.22 
.26 
.29 
.33 
.36 
.40 

.44 
.47 
.51 
.55 
.58 
.62 
.65 
.69 
.73 
.76 
.80 
.84 
.87 


.15 

.29 

.44 

.58 

.73 

.87 

1.02 

1.16 

1.31 

1.45 

1.60 


1.75 

1  89 
2.04 
2.18 

2  33 
2.47 
2.62 
2.76 
2.91 
3.05 
3.20 
3.35 
3.49 


.33 
.65 
.98 
1.31 
1.64 
1.96 
2.29 
2.62 
2.95 
3.27 
3.60 

3.93 
4.25 
4.58 
4.91 
5.23 
5.50 
5.89 
6.22 
6.54 
6.87 
7.20 
7.52 
7.85 


,58 

16 

.75 


33 
91 
49 
07 
4.65 
5.24 
5.82 
6.40 

6.98 

7.56 

8.14 

8.72 

9.30 

9  88 

10.46 

11.04 

11.62 

12.20 

12.78 

13.36 

13.94 


.91 
1.82 
2.73 
3.64 
4.55 
5.45 
6.36 
7.27 
8.18 
9.09 
9.99 

10.90 
11.81 
12.72 
13.62 
14.53 
15.44 
16.34 
17.25 
18.15 
19.06 
19.96 
20.86 
21.77 


1.31 

2.62 

3.93 

5.24 

6.54 

7.85 

9.16 

10.47 

11  78 

IS. 06 

14.39 

15  60 
17.00 
18.30 
19  61 
20.91 
22.21 
23.52 
24.83 
26.12 
27.42 
28.71 
80  01 
31.31 
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TABLE  v.— MID-ORDINATES  TO  LONG  CHORDS. 


9^ 

JDefi^ree  of 
'     Curve. 


6 


8 


9 
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11 


12 
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50 
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30 
40 
50 
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20 
30 
40 
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20 
30 
40 
50 
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20 
30 
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50 
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20 
30 
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50 
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20 
30 
40 
50 
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20 
30 
40 
50 
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20 
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40 
f)0 


12  3  4  5 

Station.    Stations.  Stations.  Stations.     Stations. 
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2.40 
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2.58 
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4.80 
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5.52 
5.67 
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6.11 
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6.39 
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6.68 
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7.41 
7.55 
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46  72 

66.92 

17.27 

30.60 

47.60 

68.17 

17.59 

31.17 
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:  VI.— LOUARl'lllMiS  Vf  JNUMBEI  3. 
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TABLE  VI.— LOGARITHMS  OP  NUMBERS.  2'*o 


6       7        8       9 


17609  17638  17667  17696  17725  17754  17782  17811  17840  17869 

7898  7926  7955  7984  8013  8041  8070  8099  8127  8156 

8184  8213  8241  8270  8298  8327  8355  8384  8412  8441 

8469  8498  8526  8554  8583  8611  8639  8667  8696  8724 

8752  8780  8808  8837  8865  8893  8921  8949  8977  9005 

9aS3  9061  9089  9117  9145  9173  9201  9229  9257  9285 

9312  9340  9368  9396  9424  9451  9479  9507  9535  9562 

9590  9618  9645  9673  9700  9728  9756  9783  9811  9838 

9866  9893  9921  9948  9976  20003  20030  20058  20085  20112 

20140  20167  20194  20222  20249  0276  0303  0330  0358  0385 

20412  20439  20466  20493  20520  20548  20575  20602  20629  20656 

0683  0710  0737  0763  0790  0817  0844  0871  0898  0925 

0952  0978  1005  1032  1059  1085  1112  1139  1165  1192 

1219  1245  1272  1299  1325  1352  1378  1405  1431  1458 

1484  1511  1537  1564  1590  1617  1643  1669  1696  1722 
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2011  2037  2003  2089  2115  2141  2167  2194  2220  2246 
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2531  2557  2583  2608  2634  2660  2686  2712  2737  2763 

2789  2814  2840  2866  2891  2917  2943  2968  2994  3019 

23045  23070  23096  23121  23147  23172  23198  23223  23249  23274 

3300  3325  3350  3376  3401  3426  3452  3477  3502  3528 

3553  3578  3603  3629  3654  3679  3704  3729  3754  3779 

3805  3830  3855  3880  3905  3930  3955  3980  4005  4030 

4055  4080  4105  4130  4155  4180  4204  4229  4254  4279 

4304  4329  4353  4378  4403  4428  4452  4477  4502  4527 

4551  4576  4601  4625  4650  4674  4699  4724  4748  4773 

4797  4822  4846  4871  4895  4020  4944  4969  4993  5018 

5042  5066  5091  5115  5139  5164  5188  5212  5237  5261 

5285  5310  5334  5358  6382  5406  5431  5455  5479  5503 

26527  25551  25575  25600  25624  25648  25672  25696  25720  25744 

5768  5792  6816  5840  6864  5888  6912  6935  6959  5983 

6007  6031  6055  6079  6102  6126  6150  6174  6198  6221 

6245  6269  6203  6316  6340  6364  6387  6411  6435  6458 

6482  6505  6529  6553  6576  6600  6623  6647  6670  6694 

6717  6741  6764  6788  6811  6834  6858  6881  6905  6928 

6951  6975  6998  7021  7045  7068  7091  7114  7138  7161 

7184  7207  7231  7254  7277  7300  7323  7346  7370  7393 

7416  7439  7462  7485  7508  7531  7554  7577  7600  7623 

7646  7669  7692  7715  7738  7761  7784  7807  7830  7852 

27875  27898  27921  27944  27967  27989  28012  28035  28058  280^1 

8103  8126  8149  8171  8194  8217  8240  8262  8285  8307 

8330  8353  8375  8308  8421  8443  8466  8488  8511  8533 

8556  8578  8601  8623  8646  8668  8691  8713  8735  8758 

8780  8803  8825  8847  8870  8802  8914  8937  8959  &081 

9003  9026  9048  9070  9092  9115  9137  9159  9181  9203 

9226  9248  9270  9202  9314  9386  9358  9380  9403  9421 

9447  9469  9401  9513  9535  9557  9579  9601  9623  9645 

9667  9C>88  9710  9732  9754  9776  9798  9820  9842  9863 

9885  9907  9929  9951  9973  9994  30016  30038  30060  30081 

30103  30125  30146  30168  30190  30211  30233  80255  30276  30298 


TABLE  VI.— LOIUlUTHMS  OF   NUMBEliS. 


N 

O 

1 

2 

3 

4 

5      G 

7        8       9    j 

200 

30103  30125  30146  301B8  30190  30211  30233  3026S  30276  302Sb1 

032(1 

0341 

0363 

038.1 

0400 

0428    0440 

0471    0462    0614 

0635 

0557 

0578 

0600 

062! 

0643    0664 

0685    0707    0728 

0750 

0771 

0792 

0814 

0836 

0856    0878 

0890    0920    0642 

0903 

0984 

1006 

1027 

1048 

1060    1091 

1112    1133    1164 

1175 

1107 

1218 

1239 

1260 

1281    1302 

1323    1345    1366 

1387 

1408 

1429 

1450 

1471 

1492    1513 

1634    1666    1676 

1697 

1018 

1639 

1600 

1681 

1702    1723 

1744    1765    1785 

1806 

1827 

1848 

1869 

1890 

1011    1931 

1662    1673    1094 

2015 

2035 

2066 

2077 

2008 

21 IS    2139 

2100   2181    2201 

810 

32222  32243 

32263 

32284 

32305 

32325  32346 

32366  32387  32108 

2428 

2449 

2469 

2490 

2510 

2531    2562 

2672    2663    2613 

2634 

2654 

267i 

2605 

2716 

2736    2756 

2777    2797    2818 

2B38 

2858 

2879 

2800 

2910 

2940    2960 

2980    3001    3021 

3041 

3062 

3082 

3102 

3122 

3143    3163 

3183    8203    3224 

8244 

3204 

3284 

3804 

332a 

3345    3365 

3385    3405    3425 

3«6 

3405 

3488 

3506 

8526 

3646    3566 

3586    3606    3626 

3640 

3066 

3680 

3706 

3726 

8746    3766 

3780    3806    3826 

3846 

3866 

3886 

3005 

3025 

3946    3965 

8985    4005    4025 

4044 

4004 

4084 

4104 

4124 

4143    4163 

4183   1203   4223 

220 

34242  34262  34282  34301  34321  34341  34361  34380  34400  34420  | 

4439 

4450 

4479 

4498 

4618 

4637    4667 

4677    4590   4616 

4635 

4655 

4674 

4694 

4713 

4733    1763 

4772    4762    4811 

4830 

48i0 

4869 

4908 

4928   4947 

4967    4986    6006 

6025 

5044 

6064 

5083 

6102 

5122    5141 

6160    6180    6160 

5218 

5267 

5376 

6296 

6311    6334 

5363    5372    6392 

6411 

6430 

5449 

5468 

6488 

6507    6526 

6546    6664    5683 

5003 

6622 

5641 

6660 

6670 

5608    5717 

5736    6755    6774 

5763 

6813 

5832 

6851 

6870 

5889    5908 

6927    6046    6065 

5084 

0003 

6021 

6010 

6059 

0078    6097 

0116    6136    6154 

280 

36173  30192  36211  30229 

36218 

36267  36286  30305  38324  36342 

0361 

6380 

6399 

6418 

6436 

6455   0474 

6493    6611    6630 

6649 

6668 

0686 

0605 

6624 

6642    6061 

6680    6698    6717 

0736 

6764 

0773 

6701 

0810 

0829    0847 

6866    0884    6003 

6922 

6040 

0059 

6977 

6006 

7014    7033 

7051    7070    7088 

7107 

7125 

7144 

7162 

7181 

7199    7218 

7236    7264    7273 

7201 

7310 

7328 

7340 

imi 

7383    7401 

7420    7438    7467 

747S 

7493 

7511 

7630 

7648 

7660    7685 

7803    7621    7639 

7658 

7676 

TOM 

7713 

7731 

7710    7767 

7785    7803    7822 

7810 

7858 

7870 

7JS04 

7'.il2 

7031    7610 

7067    7085    8003 

240 

38021 

38039 

lWi-".7 

■•■<]  l-J  38130  38148  38166  SS184 1 

B202 

8220 

-■■.'-^  ma 

8328    8346    8364 

8382 

8390 

MTl    8489 

8507    8525    85*3 

8601 

8578 

^.■.:ii    8008 

&i8«    8703   8721 

8731) 

8767 

877: 

M-jr^    8846 

8863    8881    8800 

8017 

8034 

8062 

897U 

0006    0023 

9041    0058    0076 

9094 

0111 

9120 

0146 

91(14 

9182    6199 

9217    6235    92M 

i>270 

0287 

9;tos 

9;t22 

0340 

1B68    0375 

9;J93    9410    9428 

8445 

9403 

9480 

0498 

ii516 

953:?    0560 

6568    0585    0002 

8620 

9037 

06&i 

9672 

iNiOO 

9707    9724 

0742    0769    9777 

250 

30794  39811  39829  30840  39863  39K81  39698  39916  39033  30960  j 
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N    0123456789 


2&0  39704  39811  39829  39846  39863  39881  39898  39915  39933  39950 

1  9967  9985  40002  40019  40037  40054  40071  40088  40106  40123 

2  40140  40157  0175  0192  0209  0220  0243  0261  0278  0295 
8  0312  0329  0346  0364  0381  0398  0415  0432  0449  0466 

4  0483  0500  0518  053i  0552  0569  0586  0603  0620  0637 

5  0654  0671  0688  0705  0722  0739  0756  0773  0790  0807 

6  0824  0841  0858  0875  0892  0909  0926  0943  0960  0976 

7  0993  1010  1027  1044  1061  1078  1095  HH  1128  1145 

8  1162  1179  1196  1212  1229  1246  1263  1280  1296  1313 

9  1330  1347  1363  1380  1397  1414  1430  1447  1464  1481 


260 

1 
2 
8 

4 
5 
8 
7 
8 
9 

270 

1 
2 
8 

4 
5 
6 
7 
8 
9 

2S0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

290 
1 
2 

3 

4 
5 
6 
7 
8 
9 

300 


41497  41514  41531  41547  41564  41581  41597  41614  41631  41647 

1664  1681  1697  1714  1731  1747  1764  1780  1797  1814 

1830  1847  1863  1880  1896  1913  1929  1946  1963  1979 

1996  2012  2029  2045  2062  2078  2095  2111  2127  2144 

2160  2177  2193  2210  2226  2243  2259  2275  2292  2308 

2325  2341  2357  2374  2390  2406  2423  2439  2455  2472 

2488  2504  2521  2537  2553  2570  2586  2602  2619  2635 

2651  2667  2684  2700  2716  2732  2749  2765  2781  2797 

2813  2830  2846  2862  2878  2894  2911  2927  2943  2959 

2975  2991  3008  3024  3040  3056  3072  3088  3104  3120 

43136  43152  43169  43185  43201  43217  43233  43249  43265  43281 

3297  3313  3329  3345  3361  3377  3393  3409  3425  3441 

3457  3473  3489  3505  3521  3537  3553  3569  3584  3600 

3616  3632  3648  3664  3680  3696  3712  3727  3743  3759 

3775  3791  3807  3823  3838  3854  3870  3886  3902  3917 

3933  3949  3965  3981  3996  4012  4028  4044  4059  4075 

4091  4107  4122  4138  4154  4170  4185  4201  4217  4232 

4248  4264  4279  4295  4311  4326  4342  4358  4373  4389 

4404  4420  4436  4451  4467  4483  4498  4514  4529  4545 

4560  4576  4592  4607  4623  4638  4654  4669  4685  4700 

44716  44731  44747  44762  44778  44793  44809  44824  44840  44855 

4871  4886  4902  4917  4932  4948  4963  4979  4994  5010 

5025  5040  5056  5071  5086  5102  5117  5133  5148  5163 

5179  5194  5209  5225  5240  5255  5271  5286  6301  5317 

5332  5347  5362  5378  5393  5408  5423  6439  5454  5469 

5484  5500  5515  5530  5545  5561  5576  5591  5606  5621 

5637  5652  5667  5682  5697  5712  5728  5743  5758  5773 

5788  5803  5818  5834  5849  5864  5879  5894  5909  5924 

5939  5954  5969  5984  6000  6015  6030  6045  6060  6075 

6090  6105  6120  6135  6150  6165  6180  6195  6210  6225 

46240  46255  46270  46285  46300  46315  46330  46345  46359  46374 

6389  6404  6419  6434  6449  6464  6479  6494  6509  6523 

6538  6553  6568  6583  6598  6613  6627  6642  6657  6672 

6687  6702  6716  6731  6746  6761  6776  6790  6805  6820 

6835  6850  6864  6879  6894  6909  6923  6938  6953  6967 

6982  6997  7012  7026  7041  7056  7070  7085  7100  7114 

7129  7144  7159  7173  7188  7202  7217  7232  7246  7261 

7276  7290  7305  7319  7334  7349  7363  7378  7392  7407 

7422  7436  7451  7465  7480  7494  7509  7524  7538  7553 

7567  7582  7596  7611  7625  7640  7654  7669  7683  7698 

47712  47727  47741  47756  47770  47784  47799  47813  47828  47842 


TABLE  /I.— LOGARITHMS  OP  NUMBERS. 


N 

Oia»       456789 

aoo 

47712  47727  47741  47750  47770  47784  47791)  47813  47828  47842 

7867    7871    7885    71100    71114    7029    7M3    7058    7972    7980 

8001    8016    B029    8014    8068    8073    8087    8101    8116    8i:j0 

8144    8159    8173    8187    8202    8216    8230    8241    8259    8273 

8287    8302    8318    8330    8344    8358    8373    8387    8401    841(1 

8430    8444    8468    8473    8487    8601    8615    8530    8544    8558 

8572    8580    8B0I    8615    8H20    8543    8667    8671    8088    8700 

8714    8728    8742    8756    8770    878J    8799    8813    8827    8841 

8855    8809    8883    8897    8911    8926    8)140    8964    8968    8982 

8l«)G   BOlO    3024   0038    0052    9006    9080    9094    0108    9122 

310 

49130  49150  49164  49178  49102  10206  40220  49234  10248  49262 

9276   0290    9301    0318    9332    9346    9360    0374    9388    9402 

0415    9420   0443    0457    9471    9185    9199    0613    0527    0541 

9554    0568    9582    0596    9610    9624    0638    0651    9665    9679 

0003    9707    0721    9734    9748    9762    0776    9790    9803    0817 

9831    0845    0850    9872    9886    9000   9914    9927    9041    0655 

9069   9982    9090  50010  60O24  50037  60051  60065  50079  60002 

50106  50120  60133    0117    0161    0174    0188   0202    0216   0229 

0243    0266    0270   0284    0297    0311    0325    0338   0362    0366 

0379   0393    0106    0120   0133    0447    0461    0474    0188   0601 

SSO 

60515  50629  50512  50556  50569  50583  60506  50610  60623  50637 

0651    0661    0678   0691    0705    0718   0732    0745    0759    0772 

0786    0790    0813   0826    0840    0863   0866    0880    0893    0907 

0020    0931    0047    0961    0074    0087    1001    1014    1028    1041 

105S    1008    1081    1005    1108    1121    1135    1148    1162    1175 

1188    1202    1215    1228    1242    1255    126S    1282    1295    1308 

1322    1336    1348    1302    1375    1388    1402    1415    1128    1441 

1455    1168    1481    1495    IMS    1621    1534    1648    l«tl    1674 

1587    1601    1014    1627    1640    1654    1667    1680    1603    1706 

1720    1733    1740    1759    1772    1780    1799    1812    1825    1838 

880 

51851  51805  61878  51891  51004  51917  61930  51043  C1967  61970 

1983    1006   2009    2022    2035    2018    2061    2075    2068    2101 

2114    2127    2140    2103    2106    2179    2192    2206   2218    2231 

2244   2257    2270   2284    2297    2310    2323    2338   2349    2362 

2375    2388    2101    2414    2427    2440    2463    2466   2479   2493 

2504    2617    2530   2643    2656    2600    2682    2505   2608    2621 

2634    2047    2060    2073    2686    2699    2711    2724    2737    2750 

2763    2770    2789    2802    2815    2827    2840    2853    2860   2879 

2892    200S    2917    2030   2943    2956    2969    2982    2994    3007 

3020    3033    3046    3068   3071    3084    3097    3110    3122   3136 

840 

63148  53101  63173  53188  53100  63212  63M4  63237  632S0  63263 

3275    3288    3301    8314   3320    8:J30    3352    3361    3377    3300 

3403   8416    3428    3441    3453    3460    3470    3491    3604    8517 

3529    3512    3565    3667    3680   3593    3606    3618    3631    3643 

3066    3608    3081    301H    3706    3710    3732    3744    3767    876B 

3782    3704    3807    3830    :)8S2    3845    3857    3B70    3683   3895 

3908    3020    3933    3945    3958    3970    3983    3095    4008    WSO 

4033    4045   4068    40T0    4083    4095    4108    4120    4138    4145 

4158    4170    4183    4195    4208   4220    4233   4246    4358    tiTO 

4263    4295    4307    4320    43;J2    4315    1357    1370    4383    43M 

850 

54407  54419  61132  61441  64450  54469  54481  64494  64606  646tS 

TAouHi  VI.— JLUiiAKlTHMS   Vt    NUMBERS.  299 


N 

0123456789 

KO 

64407  M419  54432  54444  54456  54469  54481  54494  54506  54518 

I 

4581  4543  4565  4568  4580  4593  460i  4617  4630  4642 

% 

4664  4667  4679  4691  4704  4716  4728  4741  4753  4765 

8 

4777  4790  4802  4814  4827  4839  4851  4864  4876  4888 

4 

4900  4913  4925  4937  4949  4962  4974  4986  4998  5011 

5 

6023  5035  5047  5060  5072  5084  5096  5108  5121  5133 

6 

6145  6157  5169  5182  5194  5206  5218  5230  5242  6255 

7 

6267  6279  5291  5303  5315  5328  5340  5352  5364  5376 

8 

6388  6400  6413  5425  5437  5449  5461  5473  5485  5497 

9 

6609  5522  5534  5546  5558  5570  5582  5594  5606  5618 

860 

66630  56642  55654  55666  55678  55691  55703  55715  55727  55739 

1 

6751  5763  5775  5787  5799  5811  5823  5835  5847  5859 

2 

6871  6883  5895  6907  5919  5931  5943  5955  5967  5979 

8 

6991  6003  6015  6027  6038  6050  6002  6074  6086  6098 

4 

6110  6122  6134  6146  6158  6170  6182  6194  6205  6217 

6 

6229  6241  6253  6265  6277  6289  6301  6312  6324  6336 

6 

6348  6360  6372  6384  6396  6407  6419  6431  6443  6465 

7 

6467  6478  6490  6502  6514  6526  65:38  6549  6561  6673 

8 

6585  6597  6608  6620  6632  6644  6656  6667  6679  6691 

9 

6703  6714  6726  6738  6750  6761  677*^  6785  6797  6808 

870 

66820  66832  56844  56855  56867  56879  5(fe91  56902  56914  56926 

1 

6937  6949  6961  6972  6984  6996  7008  7019  7031  7043 

8 

7064  7066  7078  7089  7101  7113  7124  7130  7148  7159 

8 

7171  7183  7194  7206  7217  7229  7241  7252  7264  7276 

4 

7287  7299  7310  7322  7334  7345  7357  7368  7380  7392 

6 

7403  7415  7426  7438  7449  7461  7473  7484  7496  7507 

6 

7519  7530  7542  7553  7565  7576  7588  7600  7611  7623 

7 

7634  7646  7657  7669  7680  7092  7703  7715  7726  7738 

8 

7749  7761  7772  7784  7795  7807  7818  7830  7841  7852 

9 

7864  7875  7887  7898  7910  7921  793:3  7944  7955  7967 

880 

67978  67990  58001  58013  58024  58035  58047  58058  58070  58081 

1 

8092  8104  8115  8127  8138  8140  8101  8172  8184  8195 

2 

8206  8218  8229  8240  8252  8263  8274  8286  8297  8309 

8 

8320  8331  8343  8354  8365  8377  8:588  8:399  8410  8422 

4 

8433  8444  8456  8467  8478  8490  8501  8512  8524  85:35 

6 

8546  8557  85(J9  8580  8591  8602  8614  8625  8636  8(i47 

8 

8659  8670  8681  8602  8704  8715  872(J  8737  8749  8700 

7 

8771  8782  8794  8805  8816  8827  88:58  8850  8861  8872 

8 

8883  8894  890(J  8917  8928  89:39  8050  Smi    8973  8084 

9 

8995  9006  9017  9028  9040  9051  9062  9073  9084  9005 

390 

59106  59118  59129  59140  50151  591(J2  59173  59184  59195  59207 

1 

9218  9229  9240  9251  9262  9273  9284  9295  9:306  9:518 

2 

9329  9340  9351  9:362  9373  9384  9:505  9406  9417  9428 

8 

9439  9450  9461  9472  9483  9494  9506  9517  9528  95:59 

4 

9550  9561  9572  9583  9594  9605  9(516  9627  9638  9649 

5 

9660  9671  9682  9693  9704  9715  9726  9737  9748  9759 

6 

9770  9780  9791  9802  9813  9824  9835  9846  9857  98(i8 

7 

9879  9890  9iK)l  0912  9923  9934  9945  9956  99(56  9977 

8 

9988  9999  60010  60021  60032  60043  60054  (50065  60076  6008(5 

9 

60097  60108  0119  0130  0141  0152  0163  017:3  0184  0195 

400 

60206  60217  60228  60239  60249  60260  60271  60282  60293  60304 

SM 

TABLE  VI.-LOGARITRMS   OF  NttMBRRS. 

^ 

O12345«780 

400 

6020a  00^)7  a0228  602:m  11024!!  002(10  00271  00282  0020;i  80.104 

0314    0325    tma    (1347    Wi58   03(10    03711   03f>0    0401    0412 

0423    0433   0444    D4&u    0466    04T7    0487    0408    0500    0520 

0531    0.541    0G52    0503    0574    0584    0506   0000    0017    0027 

0038    0040   0600    0070    OOBl    0002    0703    0713    0724    073i 

0740    0758    0707    0778   0788    0709   0810    0821    O&Sl    0842 

0853    0803    0874    0885    0805    0006   0017    0027    0038    00411 

0050   0070    0081    OOlll    1002    1013    1023    1034    1045    1065 

1008    1077    1087    1008    1100    1119    1130    1140    1151    1102 

1172    1183    1194    120i    131S    1225    1230    1247    1257    1208 

»Q 

01278  6128!)  01300  01310  01321  01331  01342  01.362  01.W3  01374 

1384    1305    1405    1416    1420    1437    1448    J45B    1469    1479 

1400    1600    1511    1521    1532    1542    1653    1563    1574    1581 

1595    1606    1016    1027    1037    1648    1068    1600    1679    1600 

1700    1711    1721    1731    1742    1752    17ft3    1773    1784    1704 

1805    1B15    1820    1836    1847    1857    1868    1878    1888    1800 

1900    1920    1030    1941    1061    1902    1072    1083    1993    2003 

2014    2024    2034    2015    2065   2066    2076    2080    2097    2107 

2118    2128    2138   2U0    2150    2170    2180    2100   2201    2211 

2231    2232   2242    2252    2263   2273    2284    2294   2304    2315 

420 

62325  62336  02340  62350  02360  62377  62387  02397  62408  62418 

2428    2430    2449    2450    2460    2480    2490    2500   2511    2621 

2531    2542    2562    2562    2572    2683    2603    2603   2013    2624 

2034    2044    2665    2065    2676   2685    2096    2706   2716    2726 

2737    2747    2767    2767    2778    2788    2798    2808    2818   2820 

2830    2840    2859   2870    2880    2800    2000    2910   2921    2931 

2041    2061    2061    2072    2t)82    2992    3002    3012    8022    3a33 

3043    3053    3003    3073    3083    3004    8104    3114    3124    31-34 

3144    316i    3105    3175    3185    3195    3205    3216    3226    32.10 

3246    3250    3200    32T6    3286    3200    3306    3317    3327    3337 

180 

63347  03357  63307  63377  63387  03307  63407  03417  03428  63438 

3448   3468    3408    3478    3488    3498    3508    3618    3638    3638 

3548   3558    3508    3579    3580   3590    3009    3010   3820   3030 

3640    3050    3000    3079    3689   8000    3700    3719    3729   3739 

3749    3759   3709    3770    3789    37iKl    3809    3819   3820    3830 

3849    3850    3809    3879    3880    3M90    3000    8919    3920   3930 

3940    3959    3069   3979    3088    3998    4008    4018   4028    4038 

4018    4058    4008   4078    4088   4098    4108    4118   4128   4137 

4147    4157    4107    4177    4187    4107    4207    4217    4227    4237 

4240    4256    4200   4270    4280    4200    4306    4310   4326    4335 

440 

04345  04355  04305  64375  04.185  64.105  04404  04414  64424  64434 

4444    4454    4401    4473    4483    4403    4.t03    4513   4523    4632 

4542    4r>52    4502    4572    4582    4601    4601    4011    4021    4631 

4640    4060    iCm    4070    4nsn    4(mi)    4699   4700    4719    4720 

4738   4748    4:.-.:-     i:i;x    rr:     its;    4707    4S07    4816    4826 

4830    4840    l^'.     !   ■■       '- .       is-;;    4S05    4994    4914    4024 

49!13    4iM;!    1  ■         1  ■■                   ;'">J    V.l-.yz    fAWi    5011    5021 

OCKll    6040    :.' -''T^i    fiOMO    6000    6108    6118 

5128    6137    .",117     ■■'  ■:      .l''7    MTii    6IH0    5190    5206    6815 

5225    6234    53J4    .'.:;.'.4    u-M-i    5273    C2M3    6202    6303    6313 

4S0 

05321  05331  05341  05350  65.300  05.109  05370  65380  05398  66406 
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N 

O 

1 

2 

3 

4 

5 

6 

7 

8 

9  j 

460 

66321  65331  65341  05350  65300  05300  05379  05380  05398  05408  I 

1 

5418 

6427 

6437 

5447 

5450 

5400 

5475 

5485 

5405 

6504 

2 

5514 

6523 

6533 

6543 

5552 

5502 

5571 

5581 

5501 

5600 

8 

5610 

5619 

5029 

5030 

5048 

5058 

5007 

5(577 

5680 

5696 

4 

6706 

6715 

5725 

5734 

5744 

5753 

5703 

6772 

5782 

6792 

5 

6801 

6811 

5820 

5830 

5830 

584Q 

5858 

58(58 

5877 

5887 

6 

6896 

5906 

5010 

5025 

5035 

5044 

5054 

5JK53 

5973 

5982 

7 

6992 

6001 

0011 

0020 

0030 

0030 

0040 

0058 

60(58 

6077 

8 

6087 

6096 

0100 

0115 

0124 

6134 

0143 

0153 

01(52 

6172 

9 

6181 

6191 

0200 

0210 

0210 

0229 

0238 

0247 

0257 

6200 

460 

66276  66285  00295  00304  00314  00323  00332 

00342  00351  00301  | 

1 

6370 

6380 

0380 

0308 

0408 

0417 

()427 

043(5 

0445 

0455 

2 

6464 

6474 

0483 

0402 

0502 

0511 

0521 

0530 

0530 

0549 

8 

6558 

6567 

0577 

6580 

0500 

0005 

0014 

0024 

0033 

0042 

4 

6652 

6661 

0071 

0080 

0(580 

0000 

0708 

0717 

0727 

0730 

6 

6746 

6755 

0704 

0773 

0783 

0702 

0801 

0811 

0820 

0829 

8 

6839 

6848 

0857 

0807 

0870 

0885 

0804 

0JK)4 

0013 

0922 

7 

6932 

6941 

0950 

0000 

OJHJO 

0078 

0087 

(5007 

7006 

7015 

8 

7025 

7034 

7043 

7052 

7002 

7071 

7080 

7080 

7099 

7108 

9 

7117 

7127 

7136 

7145 

7154 

7104 

7173 

7182 

7191 

7201 

470 

67210  67219  67228  67237  07247  07250  07205  07274  07284  07293  | 

1 

7302 

7311 

7321 

7330 

7330 

7348 

7357 

7307 

7376 

7385 

2 

7394 

7403 

7413 

7422 

7431 

7440 

7440 

7450 

7408 

7477 

8 

7486 

7495 

7504 

7514 

7523 

7532 

7541 

7550 

7500 

7500 

4 

7578 

7587 

7500 

7005 

7014 

7024 

7033 

7042 

7051 

7000 

5 

7669 

7679 

7088 

7007 

7706 

7715 

7724 

7733 

7742 

7752 

6 

7761 

7770 

7770 

7788 

7707 

7800 

7815 

7825 

7834 

7843 

7 

7852 

7861 

7870 

7870 

7888 

7807 

7000 

7010 

7025 

7034 

8 

7943 

7952 

7001 

7070 

7070 

7088 

7007 

8000 

8015 

8024 

9 

8034 

8043 

8052 

8001 

8070 

8070 

8088 

8007 

8106 

8115 

480 

68124  68133  68142  ( 

58151 

08100  08100  08178  (J8187  08190  08205  | 

1 

8215 

8224 

8233 

8242 

8251 

8200 

82()0 

8278 

8287 

8206 

2 

8305 

8314 

8323 

8332 

8341 

8350 

8350 

8308 

8377 

8380 

8 

8395 

8404 

8413 

8422 

8431 

8440 

8440 

8458 

8407 

8470 

4 

8485 

8494 

8502 

8511 

8520 

8520 

8538 

8547 

8550 

8505 

6 

8574 

8583 

8502 

8()01 

8010 

8010 

8(J28 

8(537 

8(540 

8055 

6 

8664 

8073 

8081 

8000 

8000 

8708 

8717 

8720 

8735 

8744 

7 

8753 

8702 

8771 

8780 

8780 

8707 

8800 

8815 

8824 

8833 

8 

8842 

8851 

88(50 

8800 

8878 

888(> 

8805 

8004 

8013 

8022 

9 

8931 

8940 

8040 

8058 

8{)00 

8075 

8084 

8003 

0002 

9011 

490 

69020  69028  00037  00040  00055 

00004  00073  00082  00000  00000 

1 

9108 

9117 

0120 

0135 

0144 

0152 

0101 

0170 

0170 

9188 

2 

9197 

9205 

0214 

0223 

0232 

0241 

0240 

0258 

0207 

9270 

8 

9285 

9294 

0302 

0311 

0320 

0320 

0338 

0340 

0355 

9304 

4 

9373 

9381 

0300 
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0408 

0417 

0425 

0434 

0443 

9452 

6 

9461 

9400 

0478 

0487 

0400 

0504 

0513 

0522 

0531 

0530 

6 

9548 

9557 
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0574 

0583 

0502 
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7 

9636 

9644 

0(J53 

0(502 

0071 
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0()88 

0(507 

0705 

0714 

8 

9723 

9732 

0740 

0740 

0758 

0707 

0775 

0784 

0703 

0801 

9 

9810 

9819 

0827 

0830 

0845 

0854 

0802 

0871 

0880 

0888 

500 

69897  69906  09914  00923  00932  00940  00040  00058  00000  09975 
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0607 
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-0774  70783  70701  70H00  70808  70817  70826  70834 1 
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0861 

0859 

0868 

0876 

0885    0803 

0902 

0010    0910 

0927 

0035 

0044 

0052 
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0986 

00115  ioa3 

1012 

1020 

1020 

1037 

1046 

1054    1063 

1071 

1070    10S8 

1006 

1105 

1113 

1122 

1130 

1139    1147 

1156 

1164    1172 

uei 

1180 

1108 

1206 

1214 

1223    1231 

1240 

1248    1'257 

12Ci 

1273 

1282 

1200 

1290 

1307    1315 

1324 

1332    1341 

1349 

1367 

1366 

1374 

1383 

1301    1390 

1408 

1416    1425 

1433 

1441 

1450 

1468 

1466 

1475    1483 

1402 

1500    1508 

1517 

1526 

1633 

1642 

1550 

1560    1607 

1575 

1684    1592 

620 

71800  71000  71017  71025  71034  71042  71050  71650  71067  71076 1 

1084 
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1700 

1709 

1717 

1725    1T;14 

1742 

1750    1750 

1767 

1776 

1784 

1792 

1800 

1800    1817 

1825 
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04 
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9  5        83 
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2 
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j42 
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25( 

25  5    26S3 
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2699 

210 

a  6 

024 

2         0 

8 

6o6    260 

26  -i 

208 

80 

00 

05 

2 

0 

2  38    246 

2  54 

2  6 

2    0 

9 

8 

5       80. 

8 

28  0    2827 

835 

284 

8 

800 

WH 

8            84 

SO' 

900    2B08 

206 

B2S 

ft 
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94 

9  3 

98      2889 
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m 

iO  4 

W 

lOJf 

M    8       140 

mi 

3062    3070 
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0 

0 

% 

3  43    3  61 

3  59 

0 

S 

8. 

0 

2  5 

3223    S2S1 

640 

3230 

3  4 

3   Ji 

20. 

32  a 

3  ao      88 

3206 

3304  73319 

3320 

3.  a 

144 

2 

10    ns 

^  6 

3.84   8392 

3480 

3408 
H 

U 

34  4 

14 

40    3    8 
8 

4ifl 

6 
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TABLE  VI.— LOGARITHMS  OF  NDMBEliS 


N 

012345G789 

560 

74036  74044  74052  740(10  740B8  7407fi  74084  74002  74000  74107 

4115    4128    4tSl    4130   4147    4I5J    41(12    4170   417B    4181} 

4194    4202    4210   4218   4225    4333    4241    4L>49   4257    42(J5 

4273    4280    4288   42t«    4304   4312    4320   4327    4336    4343 

4851    4369   4367    4374   4382   4390.  4308   4406    4414   4421 

4428    4437    444i    4453    4401    4468    4476    4484    4493    4^00 

4607    4615   4523   45.31,    4530   4547    4654   4662    4570    4S78 

458(t    4503   41101    4009    4017    4024    4(132    4040    4048    465(( 

4603    4071    4079   4087    4(105    4702    4710    4718    4726    4733 

4741    4749   4767    4704    4772   4780   4788   4706    4803    4811 

660 

74810  74827  74834  74842  748^0  74858  74805  74873  74881  74889 

4896    4904    4912    4920    4927    4935    4043   4950    4068    4966 

4974    4981    4980    4907    500i    5012    5020    6023    5035    6043 

6051    5059    5006    5074    5082    6089    6097    5105    5II3    5120 

5128    5136    5143    6161    5159    5168    5174    5182    5189    6197 

6205    6213    5220    5228    5230    6243    5251    5269    6266    5274 

5282    5289    5297    630i    6312    6320    5328    6335    5343    6361 

5368   6366    5374    6381    5389    6397    5404    5412    5420    5427 

6485    5442    6150    6458    5405    5473    5481    5488    5496    5604 

6511    6619    5520    6531    6542    6549    6557    5605    5572    5580 

570 

76587  75596  75003  75010  75018  75628  75633  75641  75648  75656 

6064    5071    5679    5686    5094    5702    6709    6717    5724    6732 

6740    5747    6765    6762    6770    5778    6786    5793    5800    5808 

5815    5823    6831    6838    5846    5853    5861    586S    6876    6884 

6891    5809    5900    6914    692L-5029    6937    5944    5952    5969 

5967    5974    6082    5989    5997    6005    6012    6020    6027    6035 

0042    6050    0067    6065    6072    0080   6087   6095    0103    6110 

6118   0125    0133    0140    0148    0155   6103    6170    8178   6185 

8 

6193    0200    0208    6216    6223    0230    6238    6245    0253    6200 

8 

6208    0275   0233    6290    0298    6305   6313    6320    0328    6335 

680 

7ft343  76360  70358  76385  76373  76380  76388  70395  7040.3  76410 

6418   6426    6483    0440    6448    6455    640S    0470   6477    6485 

6492    6500    6007    0515    0522    6530    6537    0545    6552    6569 

6667    6574    6582    6589   6697    6004    6012    6619   6026    6034 

6641    6049   6050    0664    0071    6678    6086    0693   6701    6708 

6716   6723    67.30    6738    6745    6763    6760    6708   6775    6782 

6790   6797    6805    0812    0819    6827    6834    6842    0849   6860 

6864    6871    6879    6880    0B93    6901    6908    6916    0923    6930 

0038   6046    6963    0060    6907    6975    0982    0989   6997    7004 

7012    7019    7020    7034    7041    7048    7056    7003    7070    7078 

600 

77085  77093  77100  77107  77115  77122  77129  77137  77144  77151 

7169    7106    7173    7181    7188    7195    7203    7210    7217    7225 

7232    7240    7247    7264   7262    7200    7276    7283    7291    7298 

7305    7313    7320    7327    7335    7342    7349    7357    7364    7371 

7379    7386    7393    7401    7408    7416    7423    7430    7437    7444 

7452    7459    7406    7474    7481    7488    7498    7603    7610    7517 

7625    7532    7539    7546    7554    7601    7508    7576    7583    7590 

7597    7005    7612    7019    7627    7634    7641    7648    7650    7663 

7670    7677    7085    7692    7099    7700    7714    7721    7728    7735 

7743   7750    7767    7764   7772    7779    7780    7793    7801    7808 

SOO 

77816  77822  77830  77937  77844  77851  77859  77866  77873  77880 

304  'lAlJi.^  VI.— L,UUA11ITILMS  OF  NUMBPIRS. 


N 

01234567    89 

BOO 

77815  77822  77830  77837  77844  77851  77859  77866  77873  77880 

1 

7887  789i  7902  7009  7916  7924  7931  7938  7945  7952 

2 

79(J0  7907  7974  7981  7988  7996  8003  8010  8017  802i 

3 

8032  8039  8046  8053  8061  8068  8075  8082  8089  8097 

4 

8104  8111  8118  8125  8132  8140  8147  8154  8161  8168 

5 

8176  8183  81J)0  8197  8204  8211  8219  8226  8233  8240 

6 

8247  8254  82(52  8269  8276  8283  8290  8297  8305  8312 

7 

8319  8326  8333  8340  8347  8355  8362  8369  8376  8383 

8 

8390  8398  8405  8412  8419  8426  8433  8440  8447  8455 

9 

8462  8469  8476  8483  8490  8497  8504  8512  8519  8626 

610 

78533  78540  78547  78554  78561  78569  78576  78583  78590  78597 

1 

8604  8611  8618  8625  8633  8640  8647  8654  8661  8668 

2 

8675  8682  8689  86J)6  8704  8711  8718  8725  8732  8739 

8 

8746  8753  8760  8767  8774  8781  8789  8796  8803  8810 

4 

8817  8824  8831  8838  8845  8852  8859  8866  8873  8880 

5 
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Sina 

I!" 

__ 

70"        ~ 
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$ 

16« 

16° 

170 

/ 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

0 

9.41300 

9.98494 

9.44034 

9.98284 

9.46594 

9.98060 

60 

1 

41347 

98491 

44078 

98281 

46635 

98056 

59 

2 

41394 

98488 

44122 

•  98277 

46676 

98052 

58 

S 

41441 

98484 

44166 

98273 

46717 

98048 

57 

4 

41488 

98481 

44210 

98270 

46758 

98044 

56 

5 

41535 

98477 

44253 

98266 

46800 

98040 

55 

6 

41582 

98474 

44297 

98262 

46841 

98036 

54 

7 

41628 

98471 

44341 

-98259 

46882 

98032 

53 

8 

41675 

98467 

44385 

98255 

45923 

98029 

52 

9 

41722 

98464 

44428 

98:251 

46964 

9h025 

51 

10 

9.41768 

9.98460 

9.44472 

9.98248 

9.47005 

9.98021 

50 

11 

41815 

98457 

44516 

9S244 

47045 

98017 

49 

12 

41861 

98453 

44559 

96240 

47086 

98013 

48 

18 

41006 

98450 

44G02 

98237 

47127 

98009 

47 

14 

41954 

98447 

44646 

98J33 

47168 

98005 

46 

15 

42001 

98443 

44689 

98229 

47209 

98001 

45 

16 

42047 

98440 

44733 

98226 

47249 

97997 

44 

17 

42093 

98136 

44776 

98222 

47290 

97993 

43 

18 

42140 

9843:3 

44819 

98218 

473:30 

97989 

42 

19 

42186 

98429 

44862 

98215 

47371 

97986 

41 

20 

9.42232 

9.98426 

9.44905 

9.98211 

9.47411 

9.97982 

40 

21 

42278 

98422 

44948 

98207 

47452 

97978 

39 

22 

42324 

98419 

44992 

98>>04 

47492 

97974 

38 

23 

42;i70 

98415 

450:35 

98200 

4753.3 

97970 

37 

24 

42416 

98412 

45077 

98196 

47573 

97966 

36 

25 

42461 

98409 

45120 

98192 

47613 

97962 

35 

26 

42507 

98405 

45163 

98189 

47654 

97958 

34 

27 

42553 

98402 

45206 

981H5 

47694 

97954 

33 

28 

42599 

9a398 

45249 

98181 

47734 

97950 

82 

29 

42644 

98395 

45292 

98177 

47774 

97946 

31 

30 

9.42690 

9.98391 

9.45^34 

9.98174 

9.47814 

9.97942 

30 

31 

42735 

98388 

45377 

98170 

47a54 

97938 

29 

32 

42781 

98384 

45419 

98166 

47894 

97934 

28 

83 

42826 

98381 

45462 

98162 

479:34 

97930 

27 

34 

42872 

98377 

45504 

93159 

47974 

97926 

26 

35 

42917 

98873 

45547 

98155 

4^014 

97922 

25 

36 

42962 

98370 

45589 

98151 

48054 

97918 

24 

37 

4:^008 

98366 

456:32 

98147 

48094 

97914 

23 

38 

43053 

98363 

45674 

98144 

48133 

97910 

22 

39 

43098 

-  98359 

45716 

98140 

48173 

97906 

21 

40 

9.43143 

9.98a56 

9.45758 

9.98136 

9.48218 

9.97902 

20 

41 

43188 

98352 

45801 

98132 

48252 

97898 

19 

42 

4323:^ 

98349 

45843 

98129 

48292 

97894 

18 

43 

43278 

98345 

4P885 

98125 

48:332 

97890 

17 

44 

43323 

98342 

45927 

98121 

48371 

97886 

16 

45 

43:^67 

98338 

45969 

98117 

48411 

97882 

15 

46 

43412 

983:M 

46011 

98113 

48450 

97878 

14 

47 

43157 

98331 

46053 

98110 

48490 

97874 

18 

48 

43502 

98327 

46095 

9S106 

48529 

97870 

12 

49 

43546 

98:^24 

46136 

98102 

48568 

97866 

11 

50 

9.43591 

9.98320 

9.46178 

9.98098 

9.48607 

9.97861 

10 

51 

43635 

98317 

46220 

98094 

48647 

97867 

9 

52 

43680 

9.''dl3 

46-J62 

98090 

48686 

97853 

8 

53 

43724 

98309 

46303 

9S087 

48725 

97849 

7 

54 

43769 

98:M)6 

46345 

980S3 

48764 

97845 

6 

55 

43813 

98302 

46386 

98079 

48803 

97841 

5 

56 

43857 

98299 

46428 

98075 

48842 

97887 

4 

57 

43901 

98295 

46469 

98071 

48881 

978:33 

3 

58 

43946 

98291 

46511 

98067 

48920 

97829 

2 

69 

43990 

98288 

46552 

98063 

48959 

97825 

1 

60 

44034 

98284 

46594- 

98060 

48998 

97821 

0 

9 

Ck>8ine 

Sine 

Cosine 

Sine 

Cosine 

Sine 
72» 

/ 

740 

73*» 
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Sine 

CoBina 

Sine 

Cuelue 

Sine 

Coalne 

0 

g.1899S 

D  »7S31 

9.G1M4 

y.^rse: 

0,63403 

9.97399 

00 

49MI 

'9TK17 

B3440 

09 

61338 

97B5S 

58 

49153 

a 

636(4 

973S0 

61147 

63678 

B7T96 

B7541 

54 

40^ 

9T79a 

49W8 

977BS 

63883 

973«3 

ajIM 

61603 

imss 

537ia 

0  4S3B9 

9.«G2a 

40434 

"9-348 

40 

494Bi 

97771 

51702 

9^15 

48 

ajTBT 

617W 

97B10 

47 

07334 

46 

4«r7 

wim 

977M 

61847 

MK.7 

GIB83 

B749i 

43 

IB 

41»92 

IB 

48730 

97748 

r059 

07310 

g.4ff7l>8 

B.977S8 

B.BIMI 

9.9747B 

B.6tOB3 

40 

81 

97TM 

a 

49^44 

tma 

Si063 

54161 

07196 

4ses3 

977S11 

54106 

B7I03 

4va« 

974B1 

36 

23 

49958 

63171 

49996 

97713 

07178 

KTOS 

WS43 

07448 

51331 

S3 

6S378 

97444 

3t 

a 

WHO 

B.9;B96 

B.BS3B0 

9,97436 

9.54433 

B.9715fl 

SO 

31 

97430 

19 

M 

bom 

97BB7 

38 

83 

97683 

97145 

97679 

M4BS 

07417 

54567 

97140 

36 

54601 

3S 

SS 

!WI74 

snmt 

97403 

97196 

P 

9706J 

5S834 

95TO9 

64703 

iiS 

97384 

31 

».9T65,3 

B.5370S 

9.97390 

0.97111 

SO 

53740 

0;.385 

54803 

1 

IS 

Ba59S 

07381 

I 

4S 

CMX. 

54860 

K6M 

53848 

1 

49 

BTBM 

6assi 

87307 

54836 

8:ne7 

1 

ts 

87363 

1 

60784 

4a 

B7B1B 

59983 

55036 

4S 

68031 

B7349 

65009 

07038 

S.&WW 

0.97610 

60933 

97flOa 

■\wo^ 

'0705B 

Bi 

0760* 

63)38 

oraw 

970M 

BJ 

97331 

5,130a 

61048 

B108O 

97589 

M 

B7B84 

^'^36n 

07036 

ST 

97580 

97313 

6.13S4 

97O90 

87308 

BISKT 

87571 

sToao 

BO  , 

61M4 

97547 

53105 

66433 

070)5 

Cosine 

Bine 

Cosins 

Bine 

Coclne 

sine 

~ 

11° 

J0» 
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ai* 

i3- 

jI 

Sh.e 

Cosine 

Sine 

Cosine 

Bine 

CoHinu 

9.rA433 

OBTOIS 

9  57359 

B.B67I7 

9.S9168 

9.06403 

60 

fiwaa 

'mio 

"STMffl 

96711 

59 

M4M 

87005 

96392 

68 

963^7 

67 

eeage 

96696 

96381 

KSBT 

6C991 

67SU 

96691 

B5880 

S<1988 

59We 

69.W6 

fisess 

116970 

966Tfl 

SS7SS 

WSJl 

■67838 

96670 

61 

D.DWOG 

9.96865 

9.69484 

MTM 

9GMli 

'5T700 

BOCIOQ 

59614 

49 

MSM 

e«B6T 

B7781 

906^ 

96398 

IS6W8 

6»5n 

98838 

PRMT 

mos 

SSIha 

9aM3 

6TBM 

98640 

6068-' 

46 

S59M 

901137 

67855 

96684 

96316 

WIBSa 

wesa 

69690 

96311 

^i 

lm7 

986^ 
96619 

8STS0 
69749 

96306 
96309 

« 

K.SflOSS 

9,59778 

9.965H 

*n660B 

59f08 

96389 

96603 

96384 

38 

«IM 

mca 

68070 

9BB98 

9&.>78 

M898 

59896 

SBKB 

96893 
B0t!88 

SBIflS 

flOE^a 

690S4 

s 

35 

968«3 

96^58 

60(1  Itf 

9fi5GT 

31 

B.MIOS 

9.M8S8' 

9.BB2ftl 

9.96940 

'9SS58 

96561 

80158 

S» 

66601 

«BS.W 

9^46 

68406 

9IMI8' 

eosi6 

96630 

Hi 

ami 

BBSH3 

mm 

96535 

96201 

5«B37 

WS02 

96196 

56893 

9e[9a 

HI 

fl.sarw 

9.98fflH 

9.68588 

9.9BB09 

9.96186 

B6T6a 

96179 

0M17 

seaw 

l»»:i' 

90493 

M8M 

98798 

58709 

«61fti 

HHBS 

OtTTSS 

606,1a 

BOMB 

9I17S3 

58799 

96473 

96  [48 

BSMO 

60U18 

1 

0.57011 

9Mm 

9.58889 

9.96468 

9.96I» 

58919 

90133 

95446 

eiTTOl 

BT138 

99753 

9S44D 

60732 

sri69 

9074- 

B900D 

90436 

96748 

90101 

BT-M) 

96419 

BflSIS 

9671(7 

591« 

96418 

6087B 

960H4 

59158 

96079 

911717 

59188 

llfllCS 

0 

SHIP 

■ 

as' 

«  = 

«fl- 
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-^r;^ 

*• 

So" 

«U° 

Cwlnci 

Sli.e 

Cosine 

Sin? 

Coxine 

S.(K»31 

"bwk 

9.Ba5» 

9.9ST!» 

'■fliifo 

ft.K406 

M 

«»SH 

BBoui 

960:,B 

8MJ8 

95710 

m-MI 

B5»i8 

62703 

Si-M 

96311 

mKi 

eiiui 

U5uie 

953^ 

HI  1:18 

S 

aisiL 

9Sflsa 

04-165 

953V3 

" 

IMIK-J 

63938 

9.113865 

9-B5nBB 

9.fl4i-ie 

9.».-«M 

50 

"llfiUll 

fliaro 

sooai 

fiiais 

Bfloon 

62915 

91651 

mmti 

fl-.-STS 

flisw 

93279 

46 

99089 

»iw7a 

nis-u 

II398J 

94977 

93C6-2 

Vim 

Wftc 

esMi 

4-} 

8 

6aOT9 

85IWI 

64047 

»Bas4 

ft 

eiiea 

95M8 

9,BI4B4 

9.95M0 

9.P133 

9.95809 

9.e4flB« 

9.9S9U 

40 

(t 

BSfloa 

ufiats 

an 

ta 

sjiw; 

ss 

n 

BlStS 

»9ia 

95B91 

93m 

S7 

6a'a9 

9558.^ 

64800 

•6517 

H 

B3M6 

(HS3S 

V&\\ 

8S 

6\Wi 

tana 

04B5I 

Boaoi 

34 

mm 

ftl9i» 

0M19 

9r.M7 

64857 

95198 

U 

naais 

95501 

64901! 

» 

■a 

31 

9.95Bra 

9.SSM8 

»,9SMit 

9.64958 

to 

«« 

ti%» 

634B1 

96167 

KS 

tm 

BMW 

BSM] 

Ktm 

97 

fl3504 

950M5 

S6 

95148 

S5 

u 

Bsat) 

tasGT 

9'il41 

84 

BT 

B9M 

ttwoa 

8.;;130 

!S 

95S.W 

»r«on 

95I» 

a 

m 

9Jiaa 

40 

9-nes4i 

9.03M'! 

B.avise 

9,6.1505 

D.»ns 

90 

aiM 

65W« 

ti 

SJIM 

Vim 

95108 

IS 

it 

K!I»L 

awJT 

65-JSl 

0S0»7 

17 

9r*fi 

SCT7 

B.MM 

ami 

16 

ftVilB 

WWSl 

m 

0^14 

0.5078 

H 

<7 

65.1X1 

9M71 

11 

M 

filJU8 

9,-^40 

6,-hIM 

ftVK» 

4fl 

ttSK 

9.1:99 

95(81 

95059 

i.msi 

a.fti7»a 

9.9.543T 

9.9«0M 

10 

gtsM 

B.'iTSO 

03950 

95431 

6.VI8I 

KfW 

Bsarr 

S3039 

■«as 

91)709 

VOB3 

SI 

B'MU 

9miis 

65503 

Koa 

« 

w 

<miB 

(M0B4 

xmi 

M.'iSO 

WKISU 

OUHB 

SIOSO 

9S0I4 

4 

e»i8 

H[J74n 

KJ007 

■ 

9r,7M 

65655 

ftsooi 

93^ 

ottsa 

UMTS 

0080 

so 

M.-«i 

9ra6a 

MTOS 

»4M!e 

0 

_^oMn8 

Sine 

Corinn^ 

ains 

Cwlne 

Sin" 

•4' 

aa° 
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i 

270 

28«» 

2»° 

9 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

0 

9.65705 

9.94988 

9.67161 

9.94598 

9.68557 

9.94182 

60 

1 

65729 

94982 

67186 

94587 

6a580 

94175 

59 

3 

65754 

94975 

67208 

94580 

68603 

94168 

58 

8 

657:9 

94969 

67232 

94573 

68625 

94161 

57 

4 

65804 

94962 

67256 

94567 

68648 

94154 

56 

5 

65828 

94956 

67280 

94560 

68071 

94147 

55 

6 

65853 

94949 

673a3 

94553 

68694 

94140 

54 

7 

65878 

94948 

67827 

94546 

68716 

94138 

53 

8 

65902 

94986 

67350 

94540 

68739 

94126 

52 

9 

65927 

94980 

67374 

94533 

68762 

94119 

51 

10 

9.66952 

9.94923 

9.67398 

9.94526  ' 

9. 68184 

9.94112 

50 

11 

65976 

94917 

67421 

94519 

68807 

94105 

49 

12 

66001 

94911 

67445 

94513 

68829 

94098 

48 

IS 

66025 

94904 

67468 

94506 

68852 

94090 

47 

14 

66050 

94898 

67492 

94499 

68875 

94(>88 

46 

15 

66075 

94891 

67515 

94492 

68897 

94076 

45 

16 

66099 

94885 

67539 

94485 

68920 

94009 

44 

17 

66124 

94878 

67562 

94479 

68942 

94062 

43 

18 

66148 

94871 

67586 

94472 

68965 

94055 

42 

19 

66173 

94805 

67609 

94465 

68987 

94048 

41 

20 

9.66197 

9.94858 

9.67633 

9.94458 

9.69010 

9.94041 

40 

21 

66221 

94852 

67656 

94451 

69032 

94034 

89 

^ 

66246 

94845 

67680 

94445 

69055 

94027 

88 

28 

66-.>70 

94839 

67703 

94438 

69077 

94020 

87 

24 

■  66295 

9488-i 

67726 

94431 

69100 

94012 

36 

25 

66319 

94826 

67750 

94424 

69122 

94005 

85 

28 

66343 

94819 

67773 

94417 

69144 

93998 

34 

27 

66368 

94813 

67196 

94410 

69167 

93991 

.33 

28 

66392 

94806 

67820 

94404 

69189 

93984 

82 

29 

66416 

94799 

67843 

94397 

69212 

93977 

81 

SO 

9.66441 

9.94793 

9.67866 

9.94390 

9.69S84 

9.93970 

80 

81 

66465 

94786 

67890 

94383 

69256 

98963 

29 

32 

66489 

94780 

67913 

94376 

69279 

93955 

28 

8:) 

66513 

94773 

67936 

94369 

69801 

93948 

27 

84 

66587 

94767 

67959 

94862 

69323 

93941 

26 

35 

66562 

94760 

67982 

94355 

69345 

939.34 

25 

36 

665K6 

94753 

68006 

94349 

69368 

93927 

24 

87 

6(i610 

94747 

08029 

94342 

69390 

98920 

23 

38 

66634 

94740 

68052 

94335 

69412 

98912 

22 

39 

66G58 

94734 

68075 

94328 

69434 

93905 

21 

40 

9.66682 

9.94727 

9.68098 

9.94321 

9.69456 

9.93898 

20 

41 

66706 

947-^0 

68121 

94314 

69479 

93891 

19 

42 

66731 

94714 

68144 

94307 

69501 

93884 

18 

43 

66755 

94707 

68167 

94300 

69523 

93876 

17 

44 

66779 

94700 

68190 

94293 

69545 

98869 

16 

45 

66803 

94694 

68213 

94280 

69567 

9.^862 

15 

46 

66827 

94087 

68237 

94-.':  9 

69589 

93855 

14 

47 

66851 

91680 

68260 

94273 

69611 

93847 

18 

48 

00875 

94674 

68288 

94-,'66 

690::8 

98840 

12 

49 

6G899 

94167 

68305 

94i59 

09065 

9.3833 

11 

50 

9.6692-2 

9.94600 

9.68328 

9.94252 

9.09077 

9.93826 

10 

51 

6G946 

94054 

0a351 

94245 

69099 

93819 

9 

52  • 

66970 

04047 

68374 

94238 

09721 

98811 

8 

53 

66994 

91G40 

68397 

942:n 

69743 

98H04 

7 

5t 

67018 

94034 

68420 

94224 

69765 

93797 

6 

55 

67042 

94627 

68443 

94217 

69787 

98789 

5 

5G 

67066 

946eo 

68406 

91'~M0 

69809 

93782 

4 

57 

07090 

94014 

68489 

94203 

69831 

98775 

3 

58 

67113 

94007 

18512 

94190 

69853 

93768 

2 

59 

67137 

94000 

68584 

9I1S9 

69875 

93700 

1 

60 

67101 

94503 

0>5r>7 

94182 
Sine 

69897 
Cosine 

93753 
Sine 
60« 

0 

t 

Cosine 

Sine 

Cosine 

/ 

62«» 
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ao° 

81° 

sine 

Coaiiitv 

Bi.ie' 

CoBiue 

BUm 

CoBina 

^ 

8,  ABBOT 

9.88763 

9  T1IS4 

9  93307 

B.73W1 

8.88811 

00 

J 

93748 

risos 

'bB'MB 

7S441 

91886 

n 

s 

eoans 

88818 

OSTSl 

71289 

S3ai9 

T-JSS8 
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38816 

63310 

36690 

45 

16 

59019 

40981 

61220 

38780 

63345 

86655 

44 

17 

6905S 

40944 

61256 

88744 

63879 

86621 

43 

18 

69094 

40906 

61292 

J18708 

63414 

86686 

42 

19 

69131 

40869 

61328 

38672 

63449 

86661 

41 

80 

9.59168 

10.40882 

9.61864 

10.38686 

9.63484 

10.36516 

40 

21 

69*205 

40795 

61400 

88600 

63519 

36481 

39 

82 

69248 

40767 

61436 

88564 

63653 

36447 

88 

•^8 

69280 

40720 

61472 

88528 

63688 

86412 

87 

24 

69817 

40688 

61508 

3M92 

63623 

86377 

86 

2fi 

69854 

40646 

61544 

38456 

63667 

86318 

8S 

26 

69:^91 

40609 

•61579 

38421 

63692 

36308 

84 

27 

59429 

40571 

61615 

38386 

68726 

•  86274 

88 

28 

69466 

40534 

61651 

Sa349 

63761 

362)9 

82 

29 

69503 

40497 

61687 

88818 

63796 

86204 

81 

80 

9.59540 

10.40460 

9.61722 

10.88278 

9.63830 

10.36170 

80 

31 

69577 

40423 

r.l758 

88242 

63865 

36136 

29 

32 

69614 

40386 

61794 

38206 

C3899 

36101 

28 

83 

69651 

40349 

61830 

88170 

63934 

mm 

27 

34 

69688 

40312 

61N65 

8K1.35 

63968 

^mi 

26 

35 

69725 

40275 

61901 

88099 

64003 

85i)97 

25 

36 

69762 

40-2:« 

61936 

38064 

64037 

35968 

24 

87 

59799 

40201 

61972 

38028 

64072 

&5928 

28 

88 

59^36 

40165 

02C08 

87992 

64106 

35894 

22 

3U 

69872 

40128 

G2043 

37957 

64140 

36860 

21 

40 

9.59909 

10.40091 

9.6-2079 

10.87921 

9.64175 

10.368-26 

20 

41 

59i)46 

40054 

6-2114 

87886 

642(9 

a5791 

19 

4i 

69983 

40017 

62150 

878,50 

64243 

85757 

18 

43 

60019 

89981 

6-2185 

37815 

64278 

35722 

17 

44 

60056 

39944 

62221 

87779 

6*312 

35688 

16 

45 

60093 

39907 

6-2256 

37744 

64346 

356.54 

15 

46 

60130 

89870 

62-292 

87708 

64381 

35619 

14 

47 

60166 

39^34 

62:«7 

37()73 

64415 

86586 

18 

48 

60208 

39797 

62862 

37688 

61449 

36651 

12 

49 

60-i40 

39760 

62398 

37602 

64483 

85617 

U 

50 

9.60276 

10.39724 

9.6-2433 

10.37567 

9.64517 

10.35488 

10 

51 

60313 

89687 

62468 

37532 

64552 

36448 

0 

5-2 

mm 

39651 

62.504 

37496 

64,586 

35414 

8 

53 

60:i86 

39614 

62539 

87461 

64620 

a^s.'w 

7 

54 

604i2 

89578 

62574 

87426 

64654 

35.346 

• 

6 

55 

60159 

39541 

62609 

37391 

64688 

35.312 

5 

56 

60495 

39505 

62615 

37.355 

64722 

85278 

4 

67 

60532 

894({8 

62680 

373-JO 

64756 

35244 

8 

68 

60568 

39432 

62715 

37-i85 

64790 

a5210 

2 

50 

60605 

89395 

62750 

372,50 

648-24 

.3,5176 

1 

60 

60611 

39i59 

627H5 

87215 

6I85K 

&5142 

0 

'   1 

1 

(Jotan    Tan 

68* 

C'otan 

Tan 

Cotan 

Tan 

i 

W*           1 
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. 

L' 

fl- 

Tan 

Cwan 

Tsu 

Or,ran 

Tun 

0 

a.MBsa 

10  351 « 

B, 60867 

10.33133 

B. 68818 

10,31183 

60 

usn 

59 

C4«K> 

8511T4 

8093S 

33007 

08 

■ 

eieoo 

85040 

66666 

33084 

81086 

4 

HStM 

85006 

06998 

66 

B 

05[r» 

8IB71 

S10S3 

«o«ra 

84838 

87095 

33835 

69010 

aoow 

asoso 

34604 

a-iiwa 

69010 

80858 

S 

.13808 

U1C4 

34Ba8 

30891 

61 

lo.aisoa 

8.67166 

10.SS«M 

B.6B1S8 

10,30800 

11 

'bsssi 

33771 

3iie.so 

49 

Bsses 

»)78B 

48 

ftsaiw 

,«701 

6rM5 

68334 

.■W7IJU 

8M73 

la 

asiiM 

6M0O 

34000 

67368 

S1566 

6  4S6 

34574 

681(61 

3D6B9 

la 

66467 

0-468 

83548 

68393 

80607 

ig 

65501 

H4499 

8.67634 

10.33476 

8.68457 

10,80548 

40 

El 

'sBfiua 

08488 

SO 

•& 

«50IN 

18 

BS 

aS63« 

313U4 

o;e-a 

S237S 

68M8 

3(M48 

•ma 

86 

80365 

n 

M 

ssrsB 

ausM 

84 

« 

B4S30 

67758 

3aJ4fl 

69678 

3033! 

67785 

32815 

69710 

sa 

W 

61 

10,31130 

8.67850 

10.30150 

9.6D7T4 

10.30336 

(BUS 

bBMB 

39 

v& 

S5B''n 

»t 

65011 

B10S6 

3»1I90 

07880 

Sioio 

68800 

30100 

36 

6t«ia 

BI888 

6B933 

30008 

M 

00071 

34 

sei04 

3-1896 

S8 

iU^-i 

68108 

31891 

70l'-'O 

3BU74 

BB 

S1868 

20040 

B.NI3M 

lO.JBTM 

30 

3376a 

70131 

39879 

4S 

et;27i 

68330 

4S 

0GHO4 

nafl 

17 

33003 

16 

330'a 

68336 

70S47 

1(U7M 

fi64(M 

68M8 

loaa 

70a78 

47 

oeia? 

1000 

13 

4S 

6W70 

09659 

4a 

38497 

68405 

1685 

703n 

S96-M 

H 

9.mi7 

"o-^g 

"S 

10.  150S 

«-™^ 

'aesos 

1 

S3.1B7 

68561 

H3B 

70106 

39534 

54 

60600 

33«8 

68B58 

1343 

-0560 

swS 

6 

H 

68090 

1310 

70503 

2B1CS 

70003 

1 

t» 

6liWl 

.^186 

70604 

19346 

W 

668.14 

33153 

03786 

70085 

39.115 

M 

S31S3 

1183 

70T17 

0908.3 

0 

'• 

CotBll 

Tsn 

Cotaii 

Tau 

COtBtl 

Tnn 

' 

66° 

84° 

B8» 
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0 

2 

70 

28» 

29«» 

t 

Tan 

Cotan 

Tan 

Cotan 

Tan 

Cotan 

0 

9.70^17 

10.29283 

9.72507 

10.27438 

9.74375 

10.35625 

GO 

1 

70748 

29252 

72598 

27402 

74405 

26595 

59 

2 

70779 

29221 

72628 

27372 

74435 

25666 

58 

3 

70810 

29190 

72659 

27341 

74465 

25536 

57 

4 

70841 

29159 

72689 

27311 

74494 

26506 

50 

5 

7087:^ 

29127 

72720 

27280 

74524 

25476 

55 

G 

70904 

29096 

72750 

27250 

74554 

25446 

51 

7 

70935 

29065 

72780 

27220 

74583 

25417 

53 

8 

70966 

29034 

72811 

27189 

74618 

25387 

52 

9 

70997 

29003 

72811 

27159 

74643 

26357 

51 

10 

9.71028 

10.28972 

9.72872 

10.27128 

9.74673 

10.25:327 

50 

11 

71059 

28941 

72902 

27098 

74702 

25298 

49 

\'i 

71090 

28910 

72932 

27068 

74732 

25268 

48 

13 

71121 

28879 

72963 

27087 

74762 

25238 

47 

14 

71153 

28847 

72993 

27007 

74791 

25209 

46 

15 

71184 

28816 

73023 

26977 

74821 

25179 

46 

16 

71215 

28785 

73064 

26946 

74851 

25149 

44 

17 

71246 

28754 

73084 

26916 

74880 

26120 

48 

18 

71277 

28723 

73114 

26886 

74910 

25090 

42 

19 

7l:»3 

28692 

73144 

26856 

74939 

25061 

41 

20 

9.71339 

10.28661 

9.73175 

10.26825 

9.74969 

10.25031 

40 

21 

71370 

28630 

73205 

26795 

74998 

25002 

39 

22 

71401 

28599 

73235 

26765 

75028 

24972 

38 

28 

71431 

28569 

73265 

26735 

75058 

24942 

87 

24 

71462 

28538 

73295 

2G705 

75087 

24V13 

86 

25 

71493 

28507 

73326 

26074 

75117 

24888 

36 

26 

71524 

28476 

73856 

26644 

75146 

24854 

84 

27 

71555 

28415 

733S6 

26614 

75176 

24824 

88 

28 

71586 

28414 

73416 

26584 

75206 

24795 

82 

29 

71617 

28383 

73446 

26554 

75285 

24765 

81 

30 

9.71648 

10.28352 

9.73476 

10.26524 

9.75264 

10.24786 

80 

31 

71679 

28321 

73507 

20493 

75294 

21706 

29 

32 

71709 

28291 

73537 

26163 

75323 

24677 

28 

83 

71 740 

28,J60 

73567 

26433 

75353 

24047 

27 

3t 

71771 

28229 

73597 

26403 

75382 

24618 

26 

85 

7180-2 

28198 

73627 

26:^73 

75411 

24589 

25 

36 

71833 

28167 

73657 

26343 

75441 

24559 

24 

37 

71863 

28137 

73687 

26313 

75470 

24530 

23 

38 

71894 

28106 

73717 

26283 

75500 

24500 

22 

89 

71925 

28075 

73747 

26253 

75529 

24471 

21 

40 

9.71955 

10.28045 

9.73777 

10.26223 

9.75558 

10.24442 

80 

41 

71986 

28014 

73807 

26193 

75588 

24412 

19 

42 

72017 

27983 

73837 

2616:3 

75617 

^888 

18 

43 

7,J048 

27952 

73867 

26133 

75647 

2485:3 

17 

44 

72078 

27922 

73897 

26103 

75676 

24824 

10 

45 

72109 

27891 

73927 

26073 

75705 

24295 

15 

46 

72140 

27860 

73957 

26043 

75735 

24265 

14 

47 

72170 

278:W 

78987 

26018 

75764 

24236 

18 

48 

72201 

27799 

74017 

25983 

75793 

24207 

18 

49 

72231 

27769 

74047 

25953 

75822 

2417^ 

11 

50 

9.72262 

10.27738 

9.74077 

10.25923 

9.75a52 

10.24148 

10 

51 

72293 

27707 

74107 

25893 

75881 

24119 

0 

5i 

72323 

27677 

74137 

258(a 

75910 

24090 

8 

53 

72354 

27646 

74166 

258;M 

75939 

24061 

7 

54 

72384 

27616 

74196 

25804 

75969 

24081 

6 

55 

72415 

27585 

74226 

25774 

75998 

24002 

5 

56 

72445 

27555 

74256 

25744 

76027 

28973 

4 

57 

72476 

27524 

742H6 

25714 

76056 

23944 

8 

58 

72506 

27494 

74316 

25084 

76086 

28914 

8 

59 

72537 

27463 

74345 

25()55 

76115 

23885 

I 

60 

72567 
Cotan 

27433 
Tan 

74375 
Cotan 

25025 
Tan 

76144 
Cotan 

23K56 
Tan 

0 

t 

» 

62* 

«!• 

60° 
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UU° 

4° 

SI' 

T«n 

Cotaii 

Tan 

Coian 

Tail 

Coluu 

^ 

9.TB1M 

10.23850 

9.77877 

10  SSIM 

9.70679 

10.30431 

"~~ 

■»»9I 

7fl6.)7 

ioaoB 

3 

TftlW 

S3:9fl 

77936 

aawB 

TOUSl 

387UB 

30337 

ffiOOS 

70691 

66 

B 

76390 

et7ia 

78030 

ai9S0 

79719 

s^ 

e 

T«ai9 

W6B1 

79019 

7MJS 

30334 

niw" 

81894 

708O4 

S0I96 

6e 

23661 

78135 

*1805 

B.:«35 

i".»a,'jiB 

lo.sifti? 

9.79860 

10.30140 

aasso 

'78192 

70888 

49 

IS 

TliWJ 

sa.n 

7Ba» 

7»!4S> 

aiTS? 

70916 
70W4 

30K6 

78377 

S17S3 

7I«7S 

30038 

48 

ifi 

78306 

BOOM 

30000 

laifli 

7B334 

TM39 

ai<056 

19944 

18 

T8068 

sas^ 

78391 

HI  609 

1S 

76007 

7S419 

80 

0,78448 

lo.asss 

B.snijo 

10.19860 

ESMfl 

78470 

39 

s 

76JM 

B3ai7 

78505 

»    65 

3S 

33 

76818 

S3188 

18533 

2    67 

80333 

19777 

78568 

8438 

19749 

86 

Si 

76870 

liSISO 

36 

se 

76899 

78618 

34 

S358 

80336 

w 

7S67S 

19037 

ai 

w 

76680 

£3014 

31 

30 

10.33086 

0.78732 

10.9I!!68 

9.811419 

'77044 

aaB56 

78766 

19 

sa 

7707S 

a!BS7 

19536 

18 

33 

80503 

19498 

S1I66 

fJS41 

W 

as 

771t« 

7Baoa 

19414 

TTSU 

7esso 

19H86 

esr.&t 

7fl»0 

S1041 

39 

77874 

aa7K6 

31 

40 

9.TT303 

lO.SOSBB 

10. 19303 

a-JCfls 

79im 

U0057 

IW7a5 

1B375 

Is 

773(11 
77890 

sao:i9 

18 

aesHS 

79138 

10879 

80808 

7744J 

afflsa 

791,W 

B0S38 

46 

77476 

££5M 

iraos 

1910g 

IB 

48 

SMST 

S0759 

80919 

1«flBl 

49 

7ra0* 

B3U8 

793C9 

S0731 

11 

D. 77691 

e.7039T 

10. 30703 

9.B097^ 

lO.lBOia 

10 

7711  It 

■»f3Sl 

79388 

S0671 

Biora 

7T8J9 

SSHSS 

53 

77677 

7 

SUM 

ssaee 

79410 
7913a 

^ 

Bins 

'm!b7 

■ 

M 

77763 

!K337 

S^09 

7MDB 

18881 

1 

M 

77849 

S31B1 

79M3 

30477 

81196 

lesw 

60 

TTffrr 

asiaa 

Cotaa 

Tan 

Cotan 

Tbd 

CotBD 

Tail 

69" 

69" 

iT 
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/ 

88«» 

840 

85*» 

/ 

Tan 

Cotan 

Tan 

Cotan 

Tan 

Cotan 

0 

9.81252 

10.18748 

9.82899 

10.17101 

9.84523 

10.16477 

60 

1 

81-279 

18721 

82926 

17074 

81550 

16450 

59 

2 

81307 

18693 

82958 

17047 

84676 

16424 

58 

3 

81835 

18665 

82980 

17020 

84608 

15397 

67 

4 

81362 

18638 

83008 

16992 

84630 

15870 

66 

5 

81390 

18610 

83085 

16965 

84657 

16348 

55 

81418 

18582 

83062 

16988 

84684 

15316 

54 

7 

81i45 

18556 

83089 

16911 

84711 

15289 

5:^ 

■ 

8 

81473 

18527 

88117 

10883 

84738 

15262 

52 

9 

81500 

18500 

83144 

16856 

84764 

15236 

61 

10 

9.81528 

10.18472 

9.83171 

10.168-29 

9.84791 

10.16209 

50 

11 

81556 

18444 

83198 

16802 

84818 

16182 

49 

l"i 

81583 

18417 

83225 

16775 

84845 

16165 

48 

18 

81611 

18389 

83252 

16748 

84872 

16128 

47 

4  V 

14 

81638 

18362 

83280 

16720 

84899 

16101 

46 

J  7 

15 

81666 

18834 

83307 

16693 

84925 

15076 

45 

16 

81693 

18307 

83334 

16666 

84952 

16048 

44 

1  \M 

17 

81721 

18279 

83361 

16639 

84979 

15021 

43 

1  1 

18 

81748 

18252 

83388 

16612 

85006 

14994 

42 

1  vJ 

19 

81776 

18224 

83415 

16586 

85033 

14967 

41 

20 

9.81803 

10.18197 

9.83142 

10.16558 

9.85059 

10.14941 

40 

21 

81881 

18169 

83470 

16530 

85086 

14914 

89 

2*2 

81858 

18142 

83497 

16503 

85113 

14887 

88 

23 

81886 

18114 

83524 

16476 

85140 

14860 

87 

24 

81913 

18087 

83551 

16449 

85166 

14884 

88 

25 

81941 

18059 

83578 

16422 

85193 

14807 

85 

26 

81968 

18032 

83605 

16395 

85220 

14780 

84 

27 

81996 

18001 

83632 

16368 

85247 

14758 

83 

I'  1 

28 

82023 

17977 

83659 

16811 

85278 

14727 

8.* 

29 

82051 

17949 

83686 

16814 

85300 

14700 

81 

30 

9.8-2078 

10.17922 

9.83n3 

10.16287 

9.86327 

10.14678 

80 

31 

82106 

17894 

83740 

16260 

86354 

14646 

S9 

32 

82138 

178«7 

a3768 

16232 

85380 

14620 

28 

83 

82161 

17839 

83795 

16-205 

85407 

14693 

S7 

34 

82188 

17812 

83822 

16178 

85434 

14566 

S6 

35 

82215 

17785 

83849 

16151 

85460 

14540 

25 

36 

8-2243 

17757 

83876 

16124 

85487 

14513 

S4 

87 

82-270 

17730 

83903 

16097 

86514 

14486 

88 

38 

82298 

17702 

83930 

16070 

85540 

14460 

22 

39 

82325 

17675 

83957 

16043 

85567 

14433 

SI 

40 

9.82352 

10.17648 

9.83984 

10.16016 

9.86594 

10.14406 

80 

41 

82880 

17620 

84011 

15989 

85620 

14380 

19 

42 

82407 

17593 

84038 

15962 

85647 

14353 

18 

43 

82435 

17565 

84066 

15935 

85674 

14826 

17 

44 

8-2462 

17538 

84092 

15908 

85700 

14300 

16 

45 

-  82489 

17511 

84119 

15881 

85727 

14273 

15 

46 

82517 

17483 

84146 

15854 

85754 

14246 

14 

47 

82544 

17456 

84173 

15827 

85780 

142S0 

18 

48 

82571 

174-29 

84200 

15800 

85807 

14193 

18 

49 

82599 

17401 

84227 

15773 

85834 

14166 

11 

SO 

9.82626 

10.17374 

9.84-254 

10.15746 

9.85860 

10.14140 

10 

51 

82653 

17347 

84280 

15720 

85887 

14118 

9 

52 

82681 

17319 

84307 

15693 

85913 

14087 

8 

1/* 

53 

82708 

17292 

84334 
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TABLE  IX.— FUNCTIONS  OF  A  ONE-DEGREE  CURVE. 


The  Long  Chords,  Mid-Ordinates,  Externals,  and  Tangent 
Distances  of  this  tiil)le  are  for  a  curve  of  5730  feet  radius.  To 
find  tlie  corresponding  functions  of  any  other  curve  divide  the 
tabular  values  by  the  degree  of  curve. 

For  metric  curves  having  20-metre  chords,  multiply  tne  degree 
by  5  and  enter  the  table  with  the  result  as  a  value  of  D,  the  tabu- 
lar values  being  taken  as  metres  instead  of  feet 

Thus  for  a  1°  30'  metric  curve  having  /=  45*  the  tangent  dis- 

tance  is  7^=  —^ — '—z  =  316.45  metres.    Again,  suppose  7=  88* 

and  the  long  chord  =  373.1  m.  known  and  D  required.     The 

tabular  L.  C.  is  3731  m. ;  therefore  D  =  ^^*V     ^  =  2°  0'. 
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372.3 
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392.1 

2155.7 

14 
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3914  5 
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2100.7 
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.'W7.4 

892.7 

2167.6 

16 
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.373.0 
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2161.4 
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2166.2 
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M. 
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T. 

L.  C. 

M. 

E. 
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489.5 

2418.5 
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48 

4367.0 

432.4 
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48 

50 
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4m. 0 
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4462.4 

452.1 

491.0 

2422.4 
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54 
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2367.6 
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58 
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4385.5 

436.2 
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4477  8 

465.5 
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958  3 

3449.7 

.5996.8 
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18 

20 

5930.9 

827.0 

966.6 

3465.7 

6016.2 

853.2 

1002.3 

3634.3 

20 

82 

5933.7 

827.9 

907.8 

3107.9 

0019.0 

854.1 

1003.6 

3536.6 

22 

24 

5936.6 

8'i8.7 

908.9 

3470.2 

6021.8 

854.9 

1004.7 

3538.9 

24 

26 

5939.4 

829.6 

970.1 

3472.5 

6024.7 

865.8 

1005.9 

3541.2 

26 

28 

5942.8 

830.4 

971.3 

3174.7 

0027.6 

856.7 

1007.1 

3643.5 

28 

30 

5945.1 

831.3 

972.5 

3477.0 

0030.3 

857.6 

1008.4 

3545.8 

80 

32 

6947.9 

832.2 

973.6 

3479.3 

6033.2 

858.4 

1009.6 

3548.1 

32 

34 

5950.8 

8:«,0 

974.8 

3481.6 

6036.0 

859.3 

1010.8 

3550.4 

84 

36 

5953.6 

833.9 

976.0 

34a3.9 

6038.9 

860.2 

1012.0 

3552.7 

86 

38 

5956.5 

.834.7 

977.2 

3486.2 

6041.7 

861.1 

1013.2 

8556.0 

38 

40 

5959.3 

835.6 

978.4 

3488.6 

6044.5 

861.9 

1014.5 

8557.3 

40 

42 

5962.2 

836.5 

979.6 

3490.7 

6047.4 

862.8 

1015.7 

a5.59.0 

42 

44 

5965.0 

837.4 

980.8 

3493.0 

6050.2 

863.7 

1016.9 

a562.G 

44 

46 

6967.9 

838.3 

982.0 

3495.3 

6053.0 

864.6 

1018.1 

3.564.8 

46 

48 

5970.7 

839.1 

983.2 

3497.6 

0056.9 

866.4 

1019.3 

8566.6 

48 

50 

6973.6 

840.0 

984.4 

3499.9 

60.58.7 

866.3 

1020.6 

8508.9 

50 

52 

5976.4 

840.9 

985.6 

3502.2 

6061.6 

867.2 

1021.8 

3571 .2 

63 

54 

6979.3 

841.7 

986.7 

3504.5 

6064.4 

868.1 

1023.0 

3678.5 

64 

56 

5982.1 

842.6 

9S7.9 

3506.8 

6067.2 

868.9 

1024.2 

3576.8 

56 

58 

5985.0 

843.5 

989.1 

3509.0 

6070.1 

869.8 

1025.4 

3578.1 

58 

60 

6987.8 

844.4 

990.3 

3511.3 

6072.9 

870.7 

1026.7 

8580.4 

60 

/ 

64«,         1 

66° 

/ 

L.  C. 

M. 

E. 

T. 

L.  C. 

M. 

E. 

T. 

0 

6072.9 

870.7 

1026.7 

3580.4 

6157.5 

897.3 

1064.0 

8650.4 

0 

2 

6075.7 

871.5 

1027.9 

3582.8 

6160.3 

898.2 

1065.2 

3652.8 

2 

4 

6078.6 

872.4 

1029.2 

a585.1 

6163.1 

899.1 

1066.5 

8655.1 

4 

6 

6081.4 

878.3 

1030.4 

3587.4 

6165.9 

900.0 

1067.7 

8657.6 

6 

8 

6084.2 

874.2 

1031.7 

3589.7 

6168.7 

900.9 

1069.0 

3659.8 

8 

10 

6087.0 

875.1 

1032.9 

3592.1 

6171.5 

901.8 

1070.2 

3662.2 

10 

12 

6089.8 

875.9 

1034.1 

3594.4 

6174.8 

Wti.7 

1071.5 

8664.5 

12 

14 

6092.6 

876.8 

1035.4 

3596.7 

6177.1 

903.6 

1072.7 

8666.9 

14 

16 

6095.5 

877.7 

1036.6 

.3.599.1 

6179.9 

904.5 

1074.0 

3669.2 

16 

18 

6098.3 

878.6 

1037.9 

3001.4 

6182.7 

905.4 

1075.2 

8671.6 

18 

20 

6101.1 

879.5 

1039.1 

3603.7 

6185.5 

906.8 

1076.6 

3673.9 

20 

22 

6103.9 

880.3 

1040.3 

3606.0 

6188.3 

907.2 

1077.8 

8676.2 

22 

2i 

6106.7 

881.2 

1011.6 

3608.4 

6191.1 

908.1 

1079.1 

3678.6 

24 

26 

6109.6 

882.1 

1042.8 

3610.7 

6193.9 

909.0 

1080.4 

3680.9 

26 

28 

6112.4 

883.0 

1044.1 

3613.0 

6196.7 

909.9 

1081.7 

8688.8 

28 

80 

6115.2 

883.9 

1045.3 

3615.3 

6199.6 

910.8 

1088.0 

86a5.6 

ao 

32 

6118.0 

884.7 

1046.5 

3617.7 

6202.3 

911.7 

1084.2 

8688.0 

» 

34 

6120.8 

885.6 

1047.8 

3020.0 

6205.1 

912.6 

1086.5 

3690.4 

84 

36 

6128.7 

886.5 

1049.0 

3622.3 

6208.0 

913.5 

1086.8 

8692.7 

36 

38 

6126.5 

887.4 

1050.3 

3624.7 

6210.8 

914.4 

1088.1 

3695.1 

88 

40 

6129.3 

888.3 

1051.5 

3027.0 

6213.6 

915.3 

1089.4 

3697.4 

40 

42 

6132.1 

889.2 

1052.7 

3029.4 

6210.4 

916.2 

1090.6 

.3699.8 

42 

44 

6i:i4.9 

890.1 

1054.0 

3031.7 

6219.2 

917.1 

1091.9 

3702.2 

44 

46 

6137.8 

891.0 

1055.2 

8634.0 

6222.0 

918.0 

1093.2 

3704.6 

46 

48 

6140.6 

891.9 

1056.5 

3036.4 

6224.8 

918.9 

1094.5 

3706.9 

48 

50 

6143.4 

892.8 

1057.7 

3038.7 

6227.6 

919.8 

1096.8 

3709.8 

60 

52 

6146.2 

893.7 

1059.0 

3041.1 

6230.4 

920.7 

1097.0 

.3711.6 

88 

54 

6149.0 

894.6 

1060.2 

3043.4 

6233.2 

921.6 

109!».3 

3714.0 

64 

56 

6151.9 

895.5 

1061.5 

3015.7 

6236.0 

922.5 

1099.6 

.3716.3 

56 

58 

6I5J.7 

896.4 

10(52.7 

364S.1 

02:^8.8 

923.4 

1100.9 

3718.7 

68 

60 

6157.5 

897.3 

1004.0 

30.^)0. 1 

6211.0 

924.3 

110».2 

.3721.1 

1  60 

IX.- 

PTTNCTroNS  OF  A 

ONE-DEGREE  CURVE. 
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S  OP  A  ONE-DEQBEE  CURVE. 
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1 

i 

38 

48 

B2 

80 

70° 

J 

14 

20 

«a 
xa 

30 
31 

1 

40 

44 
4B 

48 

S 

M 

L.  C,       JI 

E.          T, 

L,  C.        -M.          -E.          T. 

721 ; 

7219 

72a 

723( 
7231 

734; 

7248 
725C 

71161 

7208 
7238 
7271 

7216 
7281 
7284 
7283 
3B80 

7  SS 
9      281 

I      l»i 

8  38; 

;| 

L  im 

i    130C 
4    1301 

1  lau! 

2  1801 

3  1305 
J    19« 

■i    1808 

0  134t 

1  1341 

3    165! 

7      BK 
7      371 

J    167f 

I  nm 

3    1G9C 

1     4040.0 

8  mii.s 

3    4848:3 

d  405e!7 

3    4859.4 
1    4632.2 

3    4670:5 

3  4681  :b 
a    4893:7 
5    4701:9 

4  4717:g 

0  4733:4 

JSSil.S      MS. 5    1096 
729^.1      309.5    1697 
T,S1.6      310.6    1609 

3307.2  aik7    1701 

7299.3  3IJ.7    1708 
7302.3     813.8    1704 
7301,9     314,9    1700 

B't  S-?  i 

if  li  i 

7337:9      324  :s      72. 
7330,6      825.5      724 
7333.1        JO. a      ja 

7333:2      323:3      73t 
3310.8    1829.8    1731 

7349:4    8.13:0  its; 

7B5I.0      334.1    1331 

3353:1        :tB'3    17« 
7358.3      337.3    17.lt 
7361. B      838.4    1746 
73113.8      S39.S    174( 

0    4733. J 
7    4T26.2 

iiii 

ill 

6  4751  ;s 

a  4:30:0 

0  4762.8 

a  4T85.a 

\Bi 

7  4782:6 

ill 

1  4805:2 
0    4808  0 

8f 

L.  C-       M,           E.           T. 

L.C.       M.           B,           T- 

! 

IB 
SO 

w 

20 

sa 

30 

se 

4li 
M 

5a 

DO 

73T4 

7884 
7383 
7389 

a 

73M 
7101 

74111 

34K 
il3C 

I44( 

t      342 
1      348 

L      346 

\  i 

S    1356 

i    1390 

*    1363 
!    1334 

i     755 

1      781 
1      761! 

i     768 

I      77S 

i      779 

1  17Ba 

2  1788 
2    17« 

5    IT* 

0    4808. 0 
8    4810.9 
7    4813.7 
i    4816.6 

!S;J 

7  4830.8 

0  4SS3.7 
4    4836.5 
i    4B39.4 

)    484511 

8  4817.9 

3  4890.8 

4  4853.7 
3    4856,5 

1  4859.4 
0    1863.3 

»  ia83:i 

5  1893:* 

7160:s    1376:1      811 

746718    1S™:3    181  ( 
7160.4    1380.4    181^ 

716T.9    1383.6    1831 

7475:5    1386:8    im 

7478.0  1387.9    1831 

748S:6    139i:»    18S; 

7188.1  nB2.3    1S8( 

11  ill  1 

il  ill  1 

75LS:3    140S:3      tei 
■:'h\H'A     1405.6    1861 

3  4891 
1     4903 

0  tvx 

J    4911 

4  4919 

1  492S 

5  1M4 

3  1931 

11 

!!S 

0    4957 
9    4960 
8    4963 
7    4966 

a  4909 

5    4«3t 

4  4935 
3    497t 

0 

90 
M 

i 

40 
*i 

48 

n 

u 

IX.- 

-FUKCTIONS  OF  A  ONE-DEgHEE  CURVE. 

.863 

M' 

L.C 

M. 

E 

T 

L.  C.       M.           E. 

T. 

75ia 

4    HOS.G 

S    4081 .0 

0  1438.5  loao. 

raa] 

)  iioe.i 

'BU 

e  4BRa.o 

T5B( 

1     1439.0     1928. 

6072:4 

BM 

1    4B86.8 

T508 

t 

S« 

1    4BBB.8 

g 

Tsse 

T60! 

a    144S.9    1028. 

rsao 

8     1411 J 

sfi 

t    4»5!t 

0    14*4.0    19,10. 

M84:4 

IS 

SJ3B    4W8,B 

760* 

5087.3 

BTS.B    5001.5 

nsi 

i   1414 !: 

Tei; 

5    144T.S    193a: 

IB 

ISTi 

T    tm'.i 

0    1448.4    1038. 

60911.3 

10 

tSBI 

1   hit!i 

T6ei 

0    14M,T    194a. 

1     1418.' 

B    14SI.B    1944. 

6105.11 

24 

m 

T82e 

0    1452.9    1918. 

filOB.S 

Sfl 

9S 

3    BOM.l 

2B 

T6M 

)    142s!i 

T6S( 

9    H5S,1    19S0. 

IBM 

4    14Sa.2    19S2. 

32 

S4 

}   1424!: 

I8O; 

1   soailo 

B    H5T.3    1951. 

5iao.2 

St 

U 

7«! 

G     14«G.3 

« 

0   naa.» 

T«40 

9     1459.B     1958. 

TMi 

5     14ST.5 

4    I460.T    19flO. 

6129.* 

40 

5132.2 

S    1489/ 

1901 

0   wi^!s 

Tare 

8    6018. T 

TflK 

g    Hfll.O    1906. 

MJE 

0     14Bl!' 

4  HBB.i   lies. 

6141.8 

BO 

1    143S.I 

lOlS 

T8M 

8    14B8.4    1»;4. 

TT« 

0    14Hi: 

61B3,3 

w 

1911 

TOO,! 

60 

WW 

fi    .W«»,4 

7088 

3    14T1.8    1980. 

el=- 

L. 

M. 

B 

T. 

L. 

M.          E. 

1 

S     4T1.9 

seo 

4    2041. 

BSM.B 

0 

TSTC 

S     V!i.' 

BSi 

6   sieaia 

7T4- 

B    »H3. 

ruTs 

B    516J.3 

TT*; 

a     »T 

G    204fl. 

Ton 

•i    vn. 

MR 

T    sat 

8  aM8. 

BS92:b 

% 

10 

T«C 

MD 

TTB< 

7683 

99a 

S    206). 

TSBC 

t    4n!' 

W4 

7T51 

1    MM. 

1      4B0. 

gge 

5275.3 

10 

IB 

rnK 

«B 

8    SlSoifl 

TTft 

4    IBIB 

6278.3 

18 

Tint 

1)      4S3.I 

axx 

8    BIW.fl 

■nti 

T    9002. 

B    M9S.S 

88 

9    sm.fl 

B    15IG 

]    WIZ. 

24 

X 

TTO« 

4      48(>!: 

■OIN 

g    B19S.T 

TM 

2    1520 

1    2008. 

80 

nm 

g      4BT.4 

90» 

T    IBfil 

2    S0T1, 

5893.7 

TTOe 

1     489  1 

0    I>^04!t 

T771 

4   Bora. 

6298,7 

20  ! 

0    B20:.8 

T7S1 

S    I5SS 

32 

u 

7TH 

0  iwios 

TTW 

0    IB2« 

1  am 

saoaio 

7TW 

i    U9\'.' 

0  sais.o 

TT8B 

B    2079, 

M 

IB 

aoi» 

1  wia.B 

7188 

9    1II2C 

9    2081. 

6309.8 

40 

7T15 

T    14M.: 

rroi 

S    1528 

0  a»i. 

10 

S    1495.: 

i  208.;, 

a   B9as!i 

5318.5 

M 

TTS!! 

1   rs^.i 

TTW 

T    1B31 

4    2D90! 

0  uwi: 

JBUI 

1    1533 

a    9M3. 

B  se^'.i 

780! 

S     15SI 

T    S004 

60 

to 

MB! 

A    (1238.3 

H    20911. 

TtX 

203! 

0    !t098. 

9    IS03! 

9    IMT 

ES 

2(ai 

8    BSIT.S 

4   isas 

68 

« 

jm. 

4    1M»' 

jS^JL 

8   lug  M  2104 

6343.3 

-.'"  ■ 

364 

IX. —FUNCTIONS  OP  A  ONE-DEQRBB  CURVE. 

' 

MB' 

sj: ^ 

UC. 

-« 

E- 

..T. 

1..  r 

SI 

E. 

T. 

TaiB.a 

UE 

t  2iiM!g 

Ml 

S    £100.1 

Tfla.l 

0  aliS;' 

Br!s  s 

-.,,  1 

"'r!s"" 

SI  17:1 

1 

B4; 

,;rii. 

W30.8 

WB 

1      !|1IT.( 

ms.o 

VJOi.U 

sih3:b 

78M.H 

547 

D8BS.« 

TOW. 4 

I!ia4.7 

5IS0:h 

MH 

t«!. 

aiae.9 

fflsriB 

M9 

a  tm'.i. 

iH7i:4 

mo.-t 

la 

so 

rsio.o 

KK 

T  siao.a 

2191 .3 

8489.4 

ai 

9  ivm.i 

Ujo! 

sm.i 

7wi;» 

isssols 

7017:4 

oar. 

!il0S,7 

34 

» 

7817.8 

SM 

1  iisaii 

B,i83.9 

nno.B 

» 

a 

™i»,T 

K! 

M87.I 

TOW.! 

£ino:i 

B4N'J:i 

38 

THW.l 

7034,8 

50o: 

WM.a 

B4«1.S 

» 

u 

BM 

a  aiao.o 

Kea.i 

7097.1 

BOS. 

30 

SI 

7K'.7.0 

5S( 

7    !l4I.t 

bsoe.a 

T0J9.S 

SK. 

asoiir 

5401! 7 

SI 

aa 

sa[i»,7 

to*. 

noo.o 

B404.D 

38 

sun.s 

TOmis 

Ml. 

38 

7BM.S 

«B 

B(08.0 

7038.7 

9DS. 

40 

la 

7B6a.T 

H3 

woo.i 

7080.1 

167. 

S3is:o 

Mw:s 

?W».l 

808. 

iui7.e 

BBOr.T 

79Ib!o 

too. 

seia.D 

48 

4S 

7S74:0 

HS 

7    1(1S8.4 

UI8.B 

70M.S 

48 

ao 

TB7fl.4 

m; 

H    BIflS.B 

7V4B.T 

sai:B 

S8I7:i 

THTD.B 

9  »i8a.5 

TtlBl.a 

BOs! 

108.7 

»7l 

M»'.\ 

7IH8.0 

MM. 

ssss:? 

S4 

H 

twbIo 

(71 

a  amvi 

TM.Q 

va\'.\ 

SB^.O 

B8 

7««.l 

3033.8 

nm.x 

SO 

ST! 

8  3i(w!'(i 

11 137.  n 

Ttwnifi 

nan'. 

sass.s 

a!W3.a 

8U 

«8. 

' SiF 

L.C 

H 

E. 

T. 

I,,  t:. 

_M. 

E, 

T. 

7WW.8 

8* 

a  WM.ii 

riaa.s 

W&IA 

6830. S 

0 

T»13.3 

4    1.-J37.N 

sstnie 

8831.1 

Bis! 

ssoa.i 

ee37.4 

J 

7070,3 

819 

4    ««■« 

Kscis 

WM  :b 

K: 

I 

7flW.7 

5    S-J4u!f 

fMl'.Z 

I!3IT:4 

B8B0.e 

Tuf?:* 

OK 

HOI  ;o 

05i; 

HaiB.7 

IS 

7)179.9 

015 

S    iMT^.e 

'''^H'^ 

im   .4 

mi'j.a 

ei»7:i 

18 

71iH-J,a 

aaw.s 

8080.4 

IB 

90 

O.M. 

as38.; 

WW.7 

90 

(Ufl 

0  ttta.i 

UI8K.S 

flO,-Vi.,1 

tWD.O 

SO 

TDHO.^I 

01-i 

1   awj.i 

saai.B 

Ht 

un 

K^ii 

S333.7 

Mi73:a 

iK 

(^ 

(iJ7H.B 

soosio 

c-.o: 

aaM.o 

sa 

an 

7W6.8 

on 

1    BW0.|1 

(«17,B 

nm. 

^.3 

30 

M 

TOW.O 

(KO 

«I70.3 

8!f; 

HOW, 7 

8CM:a 

w 

ita 

1  tmn 

m\'.7 

WlTB.l 

(304: 

saiaifl 

8800. -J 

W 

aa 

HWO.l 

1)30 

u  s-jrN.a 

a,->i>l.g 

wrrr.i 

CM. 

SB 

40 

RIICIH.S 

4  »Mn.H 

wn.h 

BI108.8 

U    SWS.'I 

ftooi:4 

Mna.i! 

0U7; 

S:16a:8 

6700,1 

4> 

41 

MISis 

itu 

7    1W.1.!) 

miiit.T 

(MH. 

lOJt.7 

B7aS.4 

44 

SftlB.T 

OM 

UUH.O 

Mwiu 

(.Til. 

«fiT.O 

48 

838 

11  aria's 

Mil. a 

»«B,a 

irri. 

aSM.a 

s;id;i 

WHIU 

8S7 

«     !»«,S 

Mi;  s 

Htnii.a 

itTa. 

asm. J 

GriR.4 

60 

S» 

!«»(.» 

a.iM 

KOBl.ll 

lira. 

anii.n 

U 

HWS.3 

8K) 

5  sainir 

Nm.4 

54 

mn.o 

OKI 

^  awi.u 

fi<«i!ii 

SSI!h:7 

GT».4 

88 

M 

HOM.O 

H    i!»l.H 

NW.B 

8101.1 

077, 

arm 

57«e.r 

■Ji 

flO 

H3 

0  awa.fl 

»7M. 

IX.— FUNCTIONS  OF  A  ONE-DEGREE  CURVE. 

365 

/ 

90"                     1 

9V                        1 

L.  C. 

M. 

E. 

T. 

L.  C. 

M. 

E. 

T. 

/ 

0 

8103.5 

1678.3 

2373.4 

5730.0 

8173.9 

1713.8 

2445.1 

^830.9 

0 

3 

8105.8 

1679.5 

2375.8 

5733.3 

8176.2 

1715.0 

2447.5 

5834.3 

2 

4 

8108.2 

1680.6 

2378.2 

6786.7 

8178.5 

1716.2 

2450.0 

5837.7 

4 

6 

8110.5 

1681.8 

2380.5 

6740.0 

8180.9 

1717.4 

2452.4 

5841.1 

0 

8 

8112.9 

1683.0 

2382.9 

5743.4 

8183.2 

1718.6 

2454.8 

5844.5 

8 

10 

8116.2 

)§84.2 
lfe85.4 

2385.3 

5746.7 

8185.5 

1719.7 

2457.2- 

5847.9 

10 

12 

8117.6 

2387.6 

5750.0 

8187.9 

1720.9 

2459.7 

5861.3 

12 

14 

8119.9 

1686.5 

2390.0 

5753.4 

8190.2 

1722.1 

2462.1 

5854.7 

14 

16 

8122.3 

1687.7 

2392.4 

5756.7 

8192.5 

1723.3 

2464.5 

5858.1 

16 

18 

8124.6 

1688.9 

2394.7 

5760.1 

8194.8 

1724.5 

2467.0 

6861 .5 

18 

20 

8127.0 

1690.1 

2397.1 

5763.4 

8197.2 

1725.7 

2469.4 

6864.9 

20 

22 

8129.3 

1691.3 

2399.5 

5766.8 

8199.5 

1726.9 

2471.9 

5868.3 

22 

24 

8131.7 

1692.5 

2401.9 

5770.1 

8201.8 

1728.1 

2474.3 

5871.8 

24 

26 

8134.0 

1693.6 

2404.3 

5773.5 

8204.2 

1729.3 

2476.7 

5875.2 

26 

28 

8136.4 

1694.8 

2406.6 

6776.9 

8206.5 

1730.5 

2479.2 

5878.6 

28 

30 

8138.7 

1696.0 

2409.0 

6780.2 

8208.8 

1731.7 

2481.6 

5882.0 

30 

32 

8141.1 

1697.2 

2411.4 

5783.6 

8211.1 

1732.9 

2484.1 

5885.4 

32 

34 

8143.4 

1698.4 

2413.8 

6787.0 

8213.5" 

1734.1 

2486.5 

5888.9 

34 

36 

8145.8 

1699.6 

2416.2 

5790.3 

8215.8 

1735.3 

2489.0 

5892.3 

36 

38 

8148.1 

1700.7 

2418.6 

5793.7 

8218.1 

1736.4 

2491.5 

5895.7 

38 

40 

8150.4 

1701.9 

2421.0 

5797.1 

8220.4 

1737.6 

2493.9 

5899.2 

40 

42 

8152.8 

1703.1 

2423.4 

6800.4 

8222.8 

1738.8 

2496.4 

5902.6 

42 

44 

8155.1 

1704.3 

2425.8 

5803.8 

8225.1 

1740.0 

2498.9 

6906.0 

44 

46 

8157.5 

1705.5 

2428.2 

5807.2 

8227.4 

1741.2 

2601.3 

6909.4 

46 

48 

8169.8 

1706.7 

2430.6 

5810.6 

8229.7 

1742.4 

2503.8 

6912.9 

48 

50 

8162.2 

1707.9 

2433.0 

5814.0 

8232.0 

1743.6 

2506.3 

6916.3 

60 

62 

8164.5 

1709.0 

2435.4 

5817.3 

8234.3 

1744.8 

2508.7 

6919.8 

62 

54 

8166.8 

1710.2 

2437.9 

5820.7 

8236.7 

1746.0 

2511.2 

6923.2 

64 

56 

8169.2 

1711.4 

2440.3 

5824.1 

8239.0 

1747.2 

2513.7 

6926.7 

66 

58 

8171.5 

1712.6 

2442.7 

5827.5 

8241.3 

1748.4 

2516.2 

6930.1 

68 

60 

8173.9 

1713.8 

2445.1 

6830.9 

8243.6 

1749.6 

2518.7 

6933.6 

60 

/ 

92°                         1 

98° 

/ 

L.  C 

M. 

E. 

T. 

L.C. 

M. 

E. 

T. 

0 

8243.6 

1749.6 

2518.7 

5933.6 

8312.8 

1785.7 

2594.2 

6088.2 

0 

2 

8245.9 

1750.8 

2521.2 

5937.0 

8315.1 

1786.9 

2596.8 

6041.7 

2 

4 

8248.2 

1752.0 

2523.6 

5940.5 

8317.4 

1788.2 

2599.3 

6045.2 

4 

6 

8250.6 

1753.2 

2526.1 

5944.0 

8319.7 

1789.4 

2601.9 

6048.7 

6 

\ 

8252.9 

1754.4 

2528.6 

5947.4 

8322.0 

1790.6 

2604.4 

6052.2 

8 

10 

8256.2 

1755.6 

2531.1 

5950.9 

8324.3 

1791.8 

2607.0 

6055.8 

10 

12 

8257.5 

1756.8 

2533.6 

5954.4 

8326.6 

1793.0 

2609.6 

6059.3 

12 

14 

8259.8 

1758.0 

2536.1 

5957.8 

8328.8 

1794.2 

2612.1 

6062.8 

14 

16 

8262.2 

1759.2 

2538.6 

5961.3 

8331.1 

1795.4 

2614.7 

6066.4 

16 

18 

8264.5 

1760.4 

2541.1 

5964.8 

8333.3 

1796.6 

2617.3 

6069.9 

18 

20 

8266.8 

1761.6 

2543.6 

6968.2 

8335.6 

1797.8 

2619.8 

6073.4 

20 

22 

8269.1 

1762.8 

2546.1 

5971.7 

8337.9 

1799.1 

2622.4 

6077.0 

22 

24 

8271.4 

1764.0 

2548.6 

5975.2 

8340.2 

1800.3 

2625.0 

6080.5 

24 

26 

8273.7 

1765.2 

2551.2 

5978.7 

8342.5 

1801.5 

2627.6 

6084.1 

26 

28 

8276.0 

1766.4 

2558.7 

5982.2 

8344.8 

1802.7 

2630.2 

6087.6 

28 

30 

8278.3 

1767.6 

2556.2 

5985.6 

8347.1 

1803.9 

2632.7 

6091.2 

30 

32 

8280.6 

1768.8 

2558.7 

5989.1 

8349.4 

1805.1 

2635.3 

6094.7 

32 

34 

8282.9 

1770. 0 

2561.2 

5992.6 

8351.7 

1806.3 

2637.9 

6098.3 

34 

36 

8285.2 

1771.2 

2563.8 

5996.1 

8354.0 

1807.6 

2640.5 

6101.8 

36 

38 

8287.5 

1772.5 

2566.3 

6999.6 

8356.3 

1808.8 

2643.1 

6105.4 

38 

40 

8289.8 

1773.7 

2.568.8 

6003.1 

8358.5 

1810.0 

2645.7 

6109.0 

40 

42 

8292.1 

1774.9 

2571.3 

6006.6 

8360.8 

1811.2 

2648.3 

6112.5 

42 

44 

8294.4 

1776.1 

2573.9 

6010.1 

8363.1 

1812.4 

2650.9 

6116.1 

44 

46 

8296.7 

1777.3 

2576.4 

6013.6 

8365.4 

1813.6 

2653.5 

6119.7 

46 

48 

8299.0 

1778.5 

2578.9 

6017.1 

8367.7 

1814.9 

2656.1 

6123.2 

48 

50 

8301.3 

1779.7 

2581.5 

6020.6 

8369.9 

1816.1 

2658.7 

6126.8 

50 

52 

8303.6 

1780.9 

2584.0 

6024.1 

8372.2 

18ir.3 

2661.3 

6130.4 

52 

54 

8305.9 

1782.1 

2586.6 

6027.6 

8374.5 

1818.5 

2663.9 

6133.9 

64 

50 

8308.2 

1783.3 

2589.1 

6031.1 

8376.8 

1819.7 

2666.6 

6137.5 

56 

58 

8310.5 

1784.5 

2591.7 

6034.6 

8379.1 

1820.9 

2669.2 

6141.1 

58 

(K) 

8812.8 

1785.7 

2594.2 

6038.2 

sm\.s 

1822.2 

2671.8 

6144.7 

60 

366 

IX.— FUNCTIONS  OF  A  ONE-DEGREB  CDBVE. 

■^ 

"° 

LC. 

M 

E. 

T. 

L.  C. 

M           E 

T, 

0  ' 

8M 

s  scri.B 

fll44.T 

8449. a 

858.9  arsi.! 

8363,3 

BSS 

4  afi74,i 

63^,9 

sssia 

834 

6390.5 

essa.i 

8St 

8  9S?s!; 

6394,3 

6 

a 

8390.4' 

0  MBa.s 

am.a 

8«s:3 

863:8    S7fta:s 

8 

a    !»S4.( 

8460.4 

865.0    3765.0 

860,3    S767.7 

8897 !» 

8M 

7  WK):s 

867. B    a7T0.4 

3    SB3-J.t 

6173.4 

8167,a 

868.7    JTTTa.l 

6388.5 

8401 !t 

8177.0 

81GD.4 

B6B.B  ir:75.s 

30 

8101.0 

834 

4    SW8.] 

871.3    3778.5 

835 

6  eroo.s 

BI94:s 

8173:9 

8 

■a.4  »nii,a 

6393:5 

a 

836 

i    8703. 4 

6187.8 

B476.a 

r3.6    27W.0 

91107. a 

S6 

888 

8 

4,9    3786.7 

£301). 9 

36 

Misil 

810 

876.1    37S9.4 

«S04.a 

as 

841 

8198:7 

»48S:9 

877.3    i.'TO.l 

6308.3 

30 

WSti-i 

S485.1 

S7H.6    ST91.(I 

6811.9 

34 

I19!s 

Sit 

879.8    S707.( 

^ 

a  2719:; 

so 

4  sfTaj.o 

6ai3.8 

8401.9 

883:3    i»03:i 

633S.0 

» 

a 

S4sa.o 

6    2TS4.7 

B8S.5    S8as.8 

»II 

a  1.7-J7.3 

xsi.e  asus.fi 

4a 

1    4730.0 

^!l 

HH6.0  isn.i 

^at'.i 

« 

BtaaU 

3    S73a.1 

Bea7.7 

8aou.8 

887.8    9814.1 

0S37.S 

46 

B4IS.T 

Baos.o 

B48T.9 

Ml 

0145 is 

50 

St 

BllO.E 

0  a-4o:i 

aassia 

8507:5 

B9o:o  asaa:; 

6819. 0 

sa 

8l4e.4 

6S4S.a 

85M.8 

893.3    3835,1 

9353.7 

444.  T 

8M 

Blil5.9 

B5i 

Be 

_??__ 

9  ar.'iro 

_«*^''|-JL 

60  , 

o«. 

L.  C. 

H 

E. 

T. 

I.,  a 

Jl.         E. 

T. 

esis.4 

9    KI3.3.4 

6363.8 

6476, 8 

*97 

1    «<M.l 

9 

t 

^? 

H38 

m 

4    ift8H.9 
I    aH)1.7 

637R:o 

m»'. 

93S:9    a93«:( 

6488:o 

! 

687S.r 

8591.9 

938.3    3938.! 

84S1.B 

B 

MS 

S495.B 

0 

13 

J03 

3    £K.w'o 

u 

901 

1    |i&MS 

0389.0 

8R9«,S 

nil, 9    2937.S 

ssosia 

4 

85S4'« 

905 

6S93.r 

8600,7 

9«:i.3    SWO.! 

S50T.1 

s 

IS 

907 

u 

SO 

H8 

1  asai.a 

8101,  a 

SCOVl 

04A.7  ama  1 

6614,7 

BO 

8M0'» 

916.9    3948,9 

n 

8M8.S 

j  us6s!t 

!MN.a  aftM.B 

6533! 3 

B4 

«s 

)I! 

)    2M9.S 

9ia:4 

949.4    3054.7 

M 

St) 

SHT.e 

8(113.9 

9S0.T    3957.0 

essoio 

» 

ssto.s 

9R3,0    SBM,^ 

6SS3.8 

30 

91S 

7    i877!9 

31 

J  asKO.H 

"'^■5 

mia.t, 

KA.l    300«:'. 

M 

X 

n.W.7    3969.1 

6545.3 

38 

(tM*:? 

919 

i  ■jse&A 

6549.3 

38 

930 

1  m9.-i 

S1BS.8 

mziA 

9.58. a    aB74.t 

e55!.0 

« 

ta 

88^.3 

959  5    E977,f 

8556.9 

« 

BMS! 

i-a 

I  axDi.H 

»l#.'8 

8031 .5 

6500, T 

46 

BM7 

m 

5  mn.i 

MM.1 

BM3.7 

m.h  aoss.'o 

65«4.6 

M 

46 

1  aaoo.s 

015S.B 

HB35.H 

MM. 3    39H6.S 

6588.4 

« 

M 

HSTS! 

w 

0  iBia.a 

fflT4. 

(UN 

J  agoo.i 

11101:4 

mm.-i 

t» 

tnre. 

m 

4    39W.I) 

ui«.a 

vatiA 

167.11  awi.s 

6,580.0 

M 

W 

flIIHI.fl 

»Ma 

OSK3.0 

U 

u 

iso:.i  tkiui:i 

0587,7 

J0_ 

8B8.i:o 

m 

a  aHi7!s 

_W7«|« 

WiWO 

970,8    301)1  0 

M 

TX.— FUNCTIONS  OP   A.  ONE-DEOHEE  CURVE.     36? 


308 

IS.- 

FUNCTIONS  OF  A 

ONE-DEGREE  CURVE 

103^ 

L,  C 

M. 

E- 

T. 

L.  C.        M. 

E. 

T. 

seoe. 

3375.1 

7076.0 

8908 

7  ai63.( 

3474.e 

BtOR. 

8KC 

SB  ID. 

7084:4 

Tsii:^ 

89ia. 

B1ST:9 

3881 :a 

708S.0 

»484:i 

7318  S 

6 

aiao.a 

BB38.a 

70B3.B 

897i 

0    9188.1 

3488.1 

I 

33DI.B 

Htis! 

38B4r 

8S81 

34B4:i 

7339:5 

^90. 

Sissii 

SJUS.O 

7l05:s 

8883 

a  917a:  1 

3498,3 

7333.8 

Km. 

3401.3 

7100.7 

8986 

3    BITS. J 

S50l,( 

7S3S.I 

8937 

7X13.4 

8KT- 

nsT.o 

BWT.B 

7118,3 

8081 

4    3176.1 

3,W9.4 

7948.3 

ao 

B9-J0. 

3138.8 

Btn.a 

3,51  l.t 

w 

899! 

X 

BOB-." 

ausis 

5431:3 

7130:9 

899; 

7  ai8i;; 

3S-«:i 

7964:1 

30 

S937. 

3I43.S 

Ma4.6 

7IBB.4 

sm 

7    2ltH.t 

f»m. 

7143.7 

7379:8 

7148.0 

BDOf 

3533; f 

7277. a 

34 

SBia: 

a47:4 

S434:s 

71K.S 

9  318a:! 

363i.7 

7S81.5 

36 

SMB. 

2148.7 

363B,a 

38 

0    SI8B.I 

3642.8 

sum:' 

S15i:s 

3444:4 

vm'.o 

901S 

1    aiBO.! 

3848.1: 

7994:0 

43 

3IM.fi 

twi! 

48 

7177 :b 

S5S0:9 

7307:7 

48 

8959:: 

Six's 

345- :« 

718a- 1 

BOW 

s  ai05  1 

sgsB.s 

J31B.I 

60 

seen.. 

ai67,8 

3461.8 

7180.4 

BOW 

SBftl.B 

;  3198:: 

3080.7 

34BT:0 

7105:0 

6  aifls.fl 

M 

fieao:: 

am'.^ 

3471.9 

7199.3 

BOW 

)  aaoo.t 

ss;s:e 

7399:7 

58 

8958,7 

' 

in4° 

105' 

L,  C 

M. 

E. 

T. 

r..c 

M. 

E. 

T. 

1577,1 

sfisa.B 

Boaa:; 

sai8:8 

'33B:5 

B093 

1  iS4s:i 

3680.1 

74ra:o 

a 

S43.B 

DOBS 

1    2Ui.A 

8flBB,7 

s^' 

0107:5 

35Kr:5 
;iaoi.o 

'3*7.3 
-361.7 

B097 
■BOOB 

}  iiai7:i 

3893.3 

7JH5B 

e 

MWO;: 

SS089 

3094.4 

3Sfl.I 

BlftS 

)    Ba48.4 

3^)0:4 

74B0:0 

D 

S2  j'.G 

.'W4:!3 

Dioe 

4 

9017  < 

wa.8 

3004:b 

-saa.4 

B108 

0  a35a:4 

3711:3 

7503 :o 

IB 

UO40.1 

mi.i 

ueo8.4 

7373.8 

9110 

1    Ei»3.T 

8714.8 

7908.1 

s 

90 

iaiB.4 

99 

M 

BOasl: 

Bsia:o 

36I8:b 

7387: 1 

I  a3S7:r 

37a5:s 

7W1.7 

94 

» 

sai9.4 

3033,4 

aa 

iS 

yesE.B 

98 

9^2:0 

3029.4 

7400:4 

w 

uous:! 

4JS3.! 

3033.0 

7401.8 

374U:i 

7639B 

u 

34 

^^^l.e 

34 

3041)  :n 

SS 

ae 

B089:fl 

3U4:!.5 

]  -iki.o 

38 

40 

WWl.l 

ms.fl 

7Jsa.7 

0133 

3754.8 

P"^-' 

40 

vest). 9 

30511 

'1  "T\i 

7607: 3 

40 

Kflfrl 

mm:(I 

30.17:7 

48 

48 

300 1  -J 

48 

bums:; 

!S:J0:5 

acoH  3 
SaTI.B 
3075.4 

W- 

'::' 

Si 

HI 

.■ii«;,5 

M 

60 

""'i'" 

Mil. 8 

Imi  0 

7107r> 

i""^ 

4    ■-"i'Ji'o 

7i»10 

en 

IX.— FUNCTIONS  OF 

A 

ONE-DEQREE  CURVE. 

369 

L.  C.       M.          E.          T. 

L,  C,       M,        K,         T, 

i 

w 

38 
43 

!S 

48 

1 

91&3.4    3381_.6    8791.3    7601 

iiiii  si  si  i 

0160.4    2380.9    8805.9    7632 
91B2.4    3388.3    3809. S    7B'.<i 

VlMA    ?M0'9    ^17.0    763f 

oi?o:4  Sm:6  3ffii;4  Im 

9173.4    3a!H.0    3829.1    7650 
9174.4    2206. 3    3M31.B    785^ 

BIW,'!    SSOOiS    38«!o    76W 
918-i.4    2301,6    3948.7    7673 
8191.4    p«-9    ^-B    rSTJ 

oiBs:4  sam.a  m»'.a  tbw 

9190.4    3306-0    3881.7    7893 

SI  isi  SI  i 

Si  III  S.|  l| 

5;?  as  si  i 

9212.3    2331.7   3008.1    7743 

B3Jt 

S3ie 
9216 

(1231 

9332 
033< 

933! 
9311 
934.1 
9345 

S 

0351 
0358 
035E 

9301 
936! 

3  a&n.r  3003.1  771a 

1    2325:7    3011:6    77B7 
1    2337.0    S0!8.8    7768 
1    3338,4    S033.1    7707 
i    2329,7    3935.9    7773 
1    3331.1    3939,7    7778 
1    233°.4    3933.6    7781 

0   3339:1    mi'.a    7791 
0   3JS0.4    3W3.0    7796 
0    3837.8    3018.9    7800 
9    2339.1     3Ki3.7    7805 
9    5S10.9    SB5B.B    7810 
9    3341 .8    8960.4    7814 
B    3.143.1    3961.2    7319 
8    3344.5    3063.1    7834 

!  S:S  S:!  g 
!  Si  i"  1 

8    335'i.O    3991.3    7893 
6    33.53.9    3995.1    7a'i7 

4  S,1r*.0    4008,8    7873 
4    3359,3    4010  7    1877 
4    2360.7    4014.6    7891 
R    3363.0    4018.9    7886 

1 

IB 
22 

26 

38 

34 

36 
3S 

i 

63 

L.C.       M.          E.           T. 

L,  C.        M,          K           T, 

4 

!! 

IB 
90 

32 

28 
SI 

i 

13 

60 
58 

^1  iil  Sil  li 

sotIb  S36fl!o  loioia  tdoi 

S:!  a':;  »:!  S 

0383.1    2370  1    4013.0    7915 
93Sa.O    2S:i.4    4015.9    7020 
0387.0    2373.8    4O40.a    7935 
9298.B    3371.1    1093,8    7930 
0390.9    3375,5    4067.7    TBK 
9393.8    3878.8    4081. B    7910 
9394.8    3378.3    40O5.B    7914 
9396.7    =879.5    4069.9    7919 

9398.7  3380,9    4073.5    7951 
9300.0    2W3.3    4077  5    71B9 
030S.B    2:«3.6    4081.4    7D61 
9304.5    2383.0    1085.4    VMi 

8308.4    a87.'7    1003:1    797f 

S:S  Si  SI  S 
U\ii  3S:!  SI  S 
iS!:l  S:i  !S!1  S 

Si  sl  il  S 

9337.8  3101.3    41:W  4    K03S 
9829.8    3403.0    i;37.4    B03.'i 

B 

3 

6 

i 

i 
1 

9347 

S 

93se 

1 

937C 

0371 
937i 

a    3403,8    4137.4    8033.2 
T    3103.9    1)41,4    8038,1 
8    3405,3    4145,4    BD43.1 
B    2106.6    4149.5    8018,0 
B    SIOP.O    415.1.9    etB3.0 

J    !413:i    4tB5:B    8097:9 
1    3418.4    4169.7    8073.8 

1    BllB.a    4177.8    B082.B 

i    24di:S    4193:i      103:8 

7  3428.0    4108.3      107.8 

6  2421.3    4302,3      112.8 
fl    8439.7    4308.1      117.8 

5  3127.0    4210. B      123-8 
4    3138.4    4214.0      127.8 

8  3130,0    1318.7      133,8 

3  3i8a:6  4^:o    43:9 

1    2138.9    4331,0       47.0 

a  tmi  tm.l     ^a 

1    2139.3    4817.9       BS,I 

7  3410.7    4351.7       n.i 

6  3112  1    439S.8       78  2 
H    3118  4    4360  0       83.8 

1 

10 

18 
30 

38 

32 

48 
60 

90 
60 

370    IX.— FUNCTIONS  OF  A  ONE-DEGREE  CURVE. 


$ 

llO*                          1 

111"                           1 

—r\ 

L.C. 

M. 

E. 

T. 

L.  C. 

M. 

E. 

T. 

'  1 

0 

9387.5 

2443.4 

4260.0 

8183.3 

9444.5 

2484.5 

4386.4 

8337.2 

0 

2 

9389.4 

2444.8 

4264.1 

8188.4 

9446.4 

2485.9 

4390.7 

8342.4 

2 

4 

9391.3 

2446.1 

4268.3 

8193.4 

9448.3 

2487.2 

4395  0 

8347.6 

4 

6 

9393  2 

2447.5 

42?2.4 

8198.5 

9450.1 

2488.6 

4399.3 

8352.8 

6 

8 

9395.1 

2448.9 

4276. 6 

8203.6 

9452.0 

^90.0 

4403.6 

8858.0 

8 

10 

9397.0 

2450.2 

4280.8 

8208.7 

9453.9 

2491 .4 

4407.9 

a368.2 

10 

12 

9398.9 

2451.6 

42S4.9 

8213.8 

9455.8 

2492.7 

4412.2 

8368.5 

12 

14 

9400.8 

2453.0 

4289.1 

8218.9 

9457.7 

2494.1 

4416.5 

8373.7 

14 

16 

9402.7 

2454.3 

4-293.3 

8224.0 

9459.6 

2495.5 

4420.8 

8378  9 

16 

18 

9404.7 

2455.7 

4297.5 

8229.1 

9461.4 

2496.9 

4425.1 

8384  1 

18 

20 

9406.6 

2457.1 

4301.7 

8234.2 

9463.3 

2498.2 

4429.5 

8389.4 

SO 

28 

9406.5 

2458.4 

4305.9 

8239.3 

9465.2 

2499.6 

4433.8 

8894  6 

23 

24 

9410.4 

2459  8 

4310.1 

8244.4 

9467.1 

2501.0 

4438.1 

83S9.9 

24 

26 

9412.3 

2461.2 

4314.3 

8249.5 

9469.0 

2502.4 

4442.5 

8405.1 

86 

28 

9414.2 

2462.6 

4318.5 

8254.6 

9470.8 

2503.8 

4446.8 

8410.4 

28 

30 

9416. f 

2463.9 

4322.7 

8259.8 

9472.7 

2505.1 

4451.2 

8415.6 

30 

32 

9418.0 

2465.3 

4326.9 

8264.9 

9474.6 

2506.5 

4455.5 

8420.9 

88 

34 

9419.9 

2466.7 

4331.1 

8270.0 

9476.5 

2507.9 

4459.9 

8426.2 

84 

36 

9421.8 

2468.0 

4.3:«.4 

8275.2 

9478.8 

2509.3 

4464.2 

8431.4 

36 

38 

9423.7 

2469.4 

4339.6 

8280.3 

9480.2 

2510.6 

4468.6 

(M86.7 

88 

40 

9425.6 

2470.8 

4343.8 

8285.5 

9482.1 

2512.0 

4473.0 

8442.0 

40 

42 

9427.5 

2472.1 

4348.1 

8290.6 

9484.0 

2513.4 

4477.3 

8447.3 

48 

44 

9429.3 

2473.5 

4352.3 

8295.8 

9485.8 

2514.8 

4481.7 

8452.6 

44 

46 

9431.2 

2474.9 

4a56.6 

8300.9 

9487.7 

2516.2 

4486.1 

8457.9 

46 

48 

9433.1 

24T6.3 

4360.8 

a306.1 

9489.6 

2517.5 

4490.5 

ft463.2 

48 

50 

9435.0 

2477.6 

4365.1 

8:«1.3 

9491.4 

2518.9 

4494.9 

8468.5 

60 

52 

9436.9 

2479.0 

4369.3 

8316.5 

9493.3 

2520.3 

4499.3 

8173.8 

68 

54 

9438.8 

2480.4 

4373.6 

8321.6 

9495.2 

2521.7 

4503.7 

8479.1 

64 

56 

9440.7 

2481.7 

4377.9 

8326.8 

9497.0 

2523.1 

4508.1 

8484.4 

56 

58 

9442.6 

2483.1 

4382.2 

8332.0 

.9498.9 

2524.5 

4512.5 

8489.7 

58 

60 

9444.5 

2484  5 

4386.4 

8337.2 

9500.8 

2525.8 

4516.9 

8495.1 

60 

/ 

11 

Oo 

US' 

/ 

L.  C. 

M. 

E. 

T. 

L.  C. 

M. 

E. 

T. 

0 

9500.8 

2525.8 

4516.9 

8495.1 

9.556.3 

2567.4 

4651 :6 

8657.1 

0 

2 

9502.6 

2527.2 

4521.4 

8500.4 

9558.2 

2568.8 

4656.2 

8662.6 

8 

4 

9504.5 

2528.6 

452.5.8 

8505.8 

9560.0 

2570.2 

4660.8 

8668.0 

4 

6 

9506.4 

25:^0.0 

4530.2 

8511.1 

9561.8 

2571.6 

4665.4 

8678.5 

6 

8 

9508.2 

2531.4 

45:«.6 

8516.4 

956:3.7 

2573.0 

4669.9 

8679.0 

8 

10 

9510.1 

2532.7 

4539.1 

K521.8 

95<k5.5 

2574.4 

4674.5 

8684.5 

10 

12 

9511.9 

2534.1 

4543.5 

8,527.1 

9567.4 

2575.8 

4679.1 

8690.0 

18 

14 

9513.8 

2535.5 

4548.0 

8532.5 

9569.2 

2577.1 

4683.7 

8605.5 

14 

16 

9515.7 

2536.9 

4552.4 

85.37.9 

9571.0 

2578.5 

4688.8 

8701.0 

16 

18 

9517.5  . 

2538.3 

4556.9 

8543.2 

9572.9 

2579.9 

4692.9 

8706.6 

18 

20 

9519.4 

2539.7 

4561.3 

8548.6 

9574.7 

2581.3 

4697.5 

8712.0 

80 

22 

9521.2 

2541.0 

4565.8 

8554.0 

9576.5 

2582.7 

4702.1 

8717.6 

88 

24 

9523.1 

2542.4 

4570.3 

8559.4 

9.578.4 

2584.1 

4706.8 

8728.1 

84 

26 

9524  9 

2543.8 

4574.8 

8564.8 

9.580  2 

2585.5 

4711.4 

8728.6 

86 

28 

9526.8 

2545.2 

4579.3 

a570.2 

95S2.0 

2586.9 

4716.0 

8784.2 

88 

80 

9528.6 

2W6.6 

4583.7 

8575.6 

9583.8 

2588.3 

4720.6 

8739.7 

80 

32 

9530  5 

2548.0 

45^8.2 

8581.0 

9585.7 

2589.7 

4725.8 

8745.8 

88 

34 

9532.8 

2.549.4 

4502.7 

85S6.4 

9587.5 

2591.1 

4729.9 

8750.8 

M 

36 

9534.2 

2550.7 

4597.2 

S591.8 

9.V»<9.3 

2.592.5 

4734.6 

8756.4 

86 

88 

9536  0 

2552.1 

4001.7 

f597.2 

9591.1 

2593.9 

4739.2 

8761.9 

88 

40 

9537.9 

2553.5 

4606  2 

8602.6 

9.593.0 

2.595.3 

4743.9 

8767.6 

40 

42 

9539.7 

2554.9 

4610  8 

8(J0S.0 

9594.8 

2596.7 

4748.5 

8773.1 

48 

44 

9541.6 

2556.3 

4615.3 

("613.5 

9596.6 

2.59S.1 

4753.2 

8778.6 

44 

46 

9543.4 

2557.7 

4619.8 

>61S.9 

951  w.  4 

2599.4 

4757  9 

8784.2 

48 

48 

9545.3 

2.5.59.1 

4624.3 

8624.3 

9(kX).3 

2600.8 

4762.6 

8789.8 

48 

50 

9547.1 

2560.5 

4628.9 

S«Wi».8 

96<V,M 

2602.2 

4767.2 

8795.4 

60 

52     1 

9'?49.0 

2.561.8 

•46:».4 

K'A5.2 

9603.9 

2603.6 

4771.9 

8801.0 

58 

54 

9550.8 

2.563  2 

46;i8.0 

8«5]0.: 

9605.7 

2605  0 

4776.6 

8806.6 

64 

56     . 

9.'J52  6 

2564.6 

4642.5 

8646.2 

96«)7.5 

2606.4 

4781.3 

8812.S 

68 

5S     j 

1»554  5 

25f)6.0 

4647  1 

S()51  6 

96«»9.4 

2607.8 

4786  0 

8817.8 

88 

60     1 

9r)56.3 

2567.4 

4651.6 

8657.1 

9611.2 

2609.2 

4790.7 

8823.4 

«. 
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' 

U5" 

L.a      M.      te.      T, 

L,  C-        M.        E,          t. 

10 

18 

20 
32 

40 

48 

56 

iiiiiiiiii  ililiSiWi  Iiiiiiiiiii 
iiiiiiiiii iiiiiiiiii iiiiiiiiiii 
iiiiiiiiii  iiiiiiiiii  iiiiiiiiiii 

2  8S34!7 
9    8840.3 

1   ee^'.i 

!B:! 

4    8874.2 
I    8879.9 
7    8891  !3 

SSI 

3  8019:7 
9    «I42:6 

I II 

J    8982,8 

iiiiiiiiii  iiiiiiii!  IsHiiiliii 

iiiiiiiiii  iiiiiiiiii  iiiiiiiiiii 
iiiiiiiiii  iiiiiiiiii  iiiiiiiiiii 
iiiiiiiiii  iiiiiiiiii  iiiiiiiiiii 

J 

J2 

20 
22 
94 

1 

32 
34 

36 

40 
48 
68 

IHl' 

Mi- 

i 

18 

22 
26 

i 
i 

40 
42 

48 
60 

68 
60 

Iiiiiiiiii  iiiiiiiiii  iiiiilisiii 
iiililMiiiKliBlsilKIKIIKB 

iiiiiiiiii  iiiiiiiiii  iiiiiiiiiii 

0  0189,9 

1  OlBsiS 

tsl 

1  92298 

3  9J63  8 

4  9'.'7l!e 
B    9289,8 

si'! 

4    D3[4!o 
6    9320,1 

2  9S383 

iiiiiiiiii  iiiiiiiiii  i§lil§iiiii 

iiiiiiiiii  iiiiiiiiii  iiiiiiiiiii 
iiiiiiiiii iiiiiiiiii iiiiiiiiii 
iiiiiiiiii iiiiiiiiii iiiiiiiiiii 

22 
28 

S 

34 

I 

« 

48 
48 
BO 

B8 
80 
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TABLE   IXa.— CORRECTIOK   FACTORS   FOR   USE  WITH  TABLE 
OF   FUNCTIONS  OF  A   1=   CURVE 
Let  n -number  ol  cbotd  lengths  uap<l  prj  degree  of  curve.     n  =  I  when 
t- 100  ft.:  n-Z  when  c -SO  fi.    .^^4  „l,(-q    -26  (t.;  n  =  10  when  c -10  It. 
.M,'  </*>).-""  1^.  ve™  il.  t.a^  4/   or  ln«  U,  aecortins  M  the  t»B  i.C. 
M.E  or  T    ia  wanted  for  the  uunicular  vbIu?  of  c  used 
100 

mil)  =  — i^-(/i/)  _(i  +k)^(jin. 

Prom  which  1  +t  =  — — - — jr . 


10  L.C. 


.rr=i: 


,    -             4 Voluea  of  i  lor  Chord  length 

of 

Degree  of 

Curve. 

lOO  Feet. 

50  Feet. 

25  Peet. 

lOFopl. 

Curve. 

.-SO' 

-0  000073 

-0  000074 

ooooBo 

000074 

-t 

00007J 

1    30 

ooo(«i 

-C 

o8oM( 

2      0 

30 

OOOOOT 

-0 

000055 

000074 

2   30 

000045 

-C 

00007t 

3    30 

-t 

OOOOM 

3   30 

+0 

00013 

000023 

-C 

-C 

OQOOK 

-0 

000072 

+c 

-c 

OG0054 

-0 

000071 

fi     0 

5   30 

+0 

00031 

-0 

000022 

oooost 

5   30 

+0 

000070 

-c 

ooooflo 

e  30 

7      0 

-K 

00008 

0O0O3S 

7     0 

+0 

oooeo 

OOOU 

-0 

000020 

OO0OB7 

7  30 

000006 

8     0 

8   30 

+€ 

00016 

OOOOlf 

S  30 

■H) 

OOOflS 

+0 

OOOIQ 

-0 

000010 

000004 

e    0 

0   30 

00107 

+0 

ooooo 

000009 

+0 

+0 

+0 

10     0 

1      0 

OO140 

00031 

+0 

00002 

1      0 

+0 

00178 

000050 

2      0 

3     0 

+0 

-c 

i     0 

+0 

00242 

00055 

+0 

00008 

4      0 

a    0 

+0 

00280 

+0 

OOOM 

+0 

00010 

0000*6 

5      0 

ii 

003IB 

+0 

000042 

17     0 

00381 

+0 

OU085 

+0 

00015 

-fl 

17      0 

IS     0 

+0 

0040S 

ts 

+« 

18     0 

« 

00002S 

ID      0 

20     0 

00HI2 

+0 

00120 

+0 

00024 

-0 

000023 

21      0 

+° 

OOSBS 

+(1 

+11 

21      0 

--C 

000013 

22      0 

00607 

001(11 

+11 

DOI135 

-c 

000007 

24      0 

+c 

00727 

+0 

00170 

+11 

24      0 

+0 

+« 

25     0 

+<: 

00856 

00207 

+0 

+0 

000011 

20     0 

27     0 

+<i 

+0 

27      0 

+<: 

+0 

28     0 

+0 

OlOflB 

0II2IUI 

+0  IHKJ.'iO 

000032 

20     a 

30     0 

-i-O  01 144 

+0 

0027U 

+U.UU004 

+o!  000040 

30      0 
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/ 

"o 

0»    1 

V        1 

2» 

30 

40    , 

60 

Sine 

Cosln 

Sine 

.01745 

Cosin 

Sine 
.03490 

Cosin 

Sine 

Cosin 
.99863' 

Sine 

Cosin 

.00000 

One. 

.99985 

.99939 

.05234 

.06976 

.99756 

1 

.U0029 

One. 

.01774 

.99984 

.03519 

.99938 

.05263 

.998611 

.07005 

.99754 

59 

2 

.00058 

One. 

.01803 

.99984 

.03548 

.99937 

.05292 

.99860 

.07034 

.99752 

58 

8 

.00087 

One. 

.01832 

.99983 

.03577 

.99936 

.05321 

.99858 

.07063 

.99750 

57 

4 

.00116 

One. 

.01862 

.99983 

.03606 

.99935 

.05350 

.99857 

.07092 

.99748 

56 

6 

.00145 

One. 

.01891 

.99982 

.03635 

.99934 

.05379 

.99855 

.07121 

.99746 

55 

6 

.00175 

One. 

.01920 

.99982 

.03664 

.99933 

.05408 

.99854 

.07150 

.99744 

54 

7 

.00201 

One. 

.01949 

.99981 

.03693 

.99932 

.05437 

.99852 

.0;'179 

.99742 

53 

8 

.00233 

One. 

.01978 

.99980 

.03723 

.99931 

.05466 

.99851 

.07208 

.99740 

52 

9 

.00262 

One. 

.02007 

.99980 

.03752 

.99930 

.05495 

.99849 

.07237 

.99738 

51 

iO 

.00291 

One. 

.02036 

.99979 

.03781 

.99929 

.05524 

.99847 

.07266 

.99736 

60 

a 

.00320 

.99999 

.02065 

.99979 

.03810 

.99927 

.05553 

.99846 

.07295 

.99734 

49 

12 

.00349 

.99999 

.02094 

.99978 

.03839 

.99920 

.05582 

.99844 

.07324 

.99731 

48 

13 

.00378 

.99999 

.02123 

.99977 

.03868 

.99925 

.05611 

.99842 

.07353 

.99729 

47 

14 

.00407 

.99999 

.02152 

.99977 

.03897 

.99924 

.05640 

.99841 

.07382 

.99727 

46 

16 

.00436 

tOvaHjV 

.02181 

.99976 

.03926 

.99923 

.05669 

.99830 

.07411 

.99725 

45 

16 

.00465 

.99999 

.02211 

.99976 

.03955 

.99922 

.05698 

.99838 

.07440 

.99723 

44 

17 

.00495 

.99999 

.02240 

.99976 

.03984 

.99921 

.05727 

.99836 

.07469 

.99721 

43 

18 

.00524 

.99999 

.02269 

.99974 

.04013 

.99919 

.05756 

.99834 

.07498 

.99719 

42 

19 

.00553 

.99998 

.02298 

.99974 

.04042 

.99918 

.05785 

.99833 

.07527 

.99716 

41 

20 

.00582 

.99998 

.02327 

.99973 

.04071 

.99917 

.05814 

.998311 

.07556 

.99714 

40 

sn 

.00611 

.99996 

.02356 

.99972 

.04100 

.99916 

.05844 

.99829' 

.07585 

.99712 

89 

22 

.00640 

.99998 

.02385 

.99972 

.04129 

.99915 

.05873 

.99827 

.07614 

.99710 

38 

23 

.00669  .99998 

.02414 

.99971 

.04159 

.99913 

.05902 

.99826 

.('7643 

.99708 

37 

24 

.00698 

.99998 

.02443 

.99970 

.04188 

.99912 

.05931 

.99824' 

.07672 

.99705 

36 

25 

.00727 

.99997 

.02472 

.99969 

.04217 

.99911 

.05960 

.998221 

.07701 

.99703 

35 

26 

.00756 

.99997 

.02501 

.99969 

.04246 

.99910 

.05989 

.99821! 

.0^730 

.99701 

34 

27- 

.00785 

.99997 

.02530 

.99968 

.04275 

.99909 

.06018 

.99819 

M'ibd 

.99699 

as 

28 

.00814 

.99997 

.02560 

.99967 

.04304 

.99907 

.06047 

.99817 

.07788 

.99696 

32 

29 

.00844 

.99996 

.02589 

.99966 

.04333 

.99906 

.06070 

.99815 

.07817 

.99694 

31 

30 

.00873 

.99996 

.02618 

.99966 

.04362 

.99905 

.06105 

.99813 

.07846 

.99692 

30 

81 

.00902 

.99996 

.02647 

.99965 

.04391 

.99904 

.06134 

.99812 

.07875 

.99689 

29 

32 

.00931 

.99996 

.02676 

.99964 

.04420 

.99902 

.06103 

.99810 

.07904 

.99087 

28 

33 

.00960 

.99996 

.02705 

.99963 

.04449 

.99901 

.06192 

.99808 

.07933 

.99685 

27 

34 

.00989 

.99995 

.02734 

.99963 

.04478 

.99900 

.06221 

.99806 

.07962 

.99683 

26 

35 

.01018 

.99996 

.02763 

.99962 

.04507 

.99898 

.06250 

.99804 

.07991 

.99680 

25 

36 

.01047 

.99995 

.02792 

.99961 

.04536 

.99897 

.00279 

.998a3 

.08020 

.99678 

24 

37 

.01076 

.99994 

.02821 

.99960 

.04565 

.99890 

.06308 

.99801 

.08049 

.99676 

23 

38 

.01105 

.99994 

.02850 

.99959 

.04594 

.99894 

.06337 

.99799 

.08078 

.99673 

22 

39 

.01134 

.99994 

.02879 

.99959 

.04623 

.99893 

.06366 

.99797 

.08107 

.99671 

21 

40 

.01164 

.99993 

.02908 

.99958 

.04653 

.99892 

.06395 

.99795 

.08136 

.996681  20 

41 

.01193 

.99993 

.02938 

.99957 

.04682 

.99890 

.06424 

.99793' 

.08165 

.99666 

19 

42 

.01222 

.99993 

.02967 

.99956 

.04711 

.99889 

.06453 

.99792 

.08194 

.99664 

U 

43 

.01251 

.99992 

.02996 

.99955 

.04740 

.99888 

.06482 

.99790 

.08223 

.99661 

17 

44 

.01280 

.99992 

.03025 

.99954 

.04769 

.99886 

.06511 

.99788 

.08252 

.99659 

16 

45 

.01309  .99991 

.03054 

.99953 

.04798 

.99885 

.06540 

.99780 

.08281 

.99657 

16 

46 

.01338 

.99991 

.03083 

.99952 

.04827 

.99883 

.06569 

.99784 

.08310 

.99654 

14 

47 

.01367 

.99991 

.03112 

.99952 

.04856 

.99882 

.06598 

.99782 

.08339 

.99652 

13 

48 

.01396  .99990 

.03141 

.99951 

.04885 

.99881 

.06627 

.99780 

.08368 

.99649 

12 

49 

.01425  .99990 

.03170 

.99950  i. 04914 

.99879 

.06656 

.997r8 

.08397 

.99647 

11 

50 

.01454  .99989 

.03199 

.99949 

.04943 

.99878 

.06685 

.99776 

.08426 

.99644 

10 

51 

.01483  .99989 

.03228 

.99948 

.04972 

.99878 

.06714 

.99774 

.06455 

.99642 

9 

52 

.01513  .99989 

.03i-)7 

.99947 

.05001 

.99875 

.06743 

.99772 

.08184 

.99639 

8 

53 

.01542  .99988 

.03286 

.99946 

.05030 

.99873 

.06773 

.99770, 

.08513 

.99637 

7 

54 

.01571  .99988 

.03316 

.99945 

.05059 

.99872 

.06802 

.99768 

.08542 

.99635 

6 

55 

.01600  .99987 

.0a345 

.99944 

.05088 

.99870 

.06831 

.99766' 

.08571 

.99632 

6" 

56 

.016291.99987 

.03374 

.99943 

.05117 

.99869 

.06860 

.99764 

.08600 

.99630 

4 

57 

.01668  .99986 

.03403 

.99942 

.05146 

.99867 

.06889 

.99762, 

.08629 

.99627 

8 

58 

.01687  .99986 

.03432 

.99941 

.05175 

.99866 

.06918 

.99760 

.08658 

.99625 

2 

59 

.01716  .999851 

.03461 

.99940 

.05205 

.99864 

.06947 

.99758 

.08687 

.99622 

1 

60 

/ 

.01745  .99985 
Cosin  1  Sine 

.03490 
Ck>sin 

.99939 

.05234 

.99863 

.06976  .99756 
Cosin  Sine 

.08716 

.99619 

Sine 

Cosin 

Sine 

Cosin 

Sine 

89<> 

880 

87«» 

86» 

86« 
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0 
1 


Sine  Cosin 


.08716 
.08745 


2  .08774 


8 
4 
5 


.08803 
.08831 
.08860 


6;. 08889 


7 

8 

9 

10 


.08918 
.08947 
.08976 
.09005 


.09034 
.09063; 
.09092 
.09121 
.09150 
.09179 
.09208 
.09237 
19  '  .09266 
90  .09295 


11 
12 
13 
14 
15 
16 
17 
18 


21 
22 
28 
24 
25 
26 
27 
28 
29 
80 


.09324 
.09353 
.09382 
.09411 
.09440 
.09469 
.09498 
.09527 
.09556 
.09585 


.09614 
.09642 
.09671 

84  1.09700 

85  .09729 


81 
82 
88 


86 
87 


.09758 
.09787 

88  .09816 

89  .09H45 

40  .09874 

41  .09903 

42  .09932 
48  !  .09961 


44 
45 
46 
47 
48 
49 
60 

61 
62 
63 
64 
65 
56 
67 
68 
69 


.09990 
.10019 
.10048 
.10077 
.10106 
.10185 
.10164 

.10192 
.10221 
.10250 
.10279 
.10308 
.10337! 
103661 
.10395 
.104241 
.10453 


.99019 

.99617 

.99614 

.996121 

.99609 

.99607 

.99604 

.99602 

.99599 

.99590 

.99594 

.99591 

.99588 

.99586 

.99583 

.99580 

.99578! 

.99575' 

.995?2j 

.99570 

.99567 

.99504 
.99562 
.99559 
.99556 
.99553 
.99551 
.99548 
.99545 
.99542 
.99540 

.99537 
.995*4 
.99531 
.99528 
.99526 
.99523 
.99520 
.99r)17 
.99514 
.99511 

.99508 
.99506 
.9950.3 
.99500 
.99197 
.99194 
.99491 
.99188 
.99185 
.99482 

.99479 
.mM76 
.99473 
.99470 
.99167 
.994(M 
.99461 
.90458 
.90455 
.99452 


6« 


Cosin  I  Sine 
84^ 


.10453 

.10482 

.10511 

.10540 

.10569 

.10597 

.10626 

.10655 

.10684 

.10713' 

.10742 

.10771 ! 
.10800 
.10829, 
.10858 
.10887 
;. 10916 
.U>J45' 
.10973' 
.llOOi 
.11031 

.11060 

.11089. 

.111181 

.111471 

.11176! 

.11205 

.11234 

.11263 

.11291 

.11320 

.11349 

.11378 

.114071 

.114361 

.11465' 

.11494 

.11523 

.11552 

.11580 

.11609 

.11638' 

.11667' 

.11696' 

.117251 

.117541 

.11783' 

.11812 

.11840 

.118()9l 

.11898! 

.11927! 

.lia>6 

.11985 

.12014 

.12043 

.120711 

.12100i 

.12129 

.12158 

.12187 


Cosin 

.99452 
.99449 
.90446 

.99437 
.99484 
.99431 
.99428 
.99124 
.99421 

.99418 

.90415 

.99412 

.99409' 

.994OO1 

.99402! 

.99399 

.99390 

.99.393 

.99390; 

.99386 

.99383 

.99380 

.99377 

.99374 

.99370 

.903671 

.99364. 

.■99300 

.99357 

.99354 
.99;i-)l 
.99347 
.99:M4 
.99341 
.99337 

.993.31 
.99:327 
.99324 

.90320 
.99317 
.99314 
.99310 
•9O307 
.90303 
.99300 
.99297 

.awoi 

.99290 

.99286 
.99^83 
.99279 
.99276 
.99272 
.99269 
.992(i5 
.9926'.> 
.99258 
.99255 


Sine 

'.12187 

.12216 

.12245 

.12274" 

.12302 

.12331 

.12360 

.12389 

.12418' 

.12447; 

.124:«l 

.12504' 

.12533 

.12562 

.12591 

.12620 

.12649 

.12678 

.12706 

.12735 

.12764 

.12798 
.12822 
.12851 
.12880 
.12!K)6 
.12937 
.12966 
.12995 
.i:«24 
.13053 

.13081 
.13110 
.13139 
.13168 
.13197 
.13226 
.132M 
.13283 
.13312 
.13341 

.13370 
.13399 
.13127 
.i;i456 
.13485 
.13514 
.1.3543 
.13.572 
.1.3(500 
.13029 

.isaw 

.13087 
.13716 
.13744 
.13773 
.1.3802 

.i:i860 
.i;W89 
.1.3917 


8< 


Cosin 

79925.5 

.99251 

.99248 

.99244  i 

.99240 

.99237 

.99233 

.992.301 

.9{)226i 

.99222 

.99219 1 

.99215 

.99211 

.99208, 

.99204 

.99200- 

.99197 

.99193 

.99189 

.99186 

.99182 

.99178! 

.99175 

.99171 1 

.99167! 

.99163 

.99160 

.99156 

.99152 

.99148 

.99144 

.99141 
.95>13r 
.9913:1 
.99129 
.99125 
.99122 
.99118 
.99114 
.99110 
.99106 

.99102 
i  .99(KW 

.99001 
99091 
99087 
'.9908:^ 
1.99079 
■.99075 
l.91X)71 

.99067 

.99063 
.99059 
.99055 
.99051 
.99047 
.99043 
.99039 
.99035 
.«MW1 
.1«K)27 


Cosin  I  Sine  Cosiu ;  Sine  , 


88« 


82« 


Sine 

■.1.3917 

.13946 

.13975 

.14004 

.14033 

.14061 

.14090 

.14119 

.14148 

.1117?'; 

.14205 

.142.34! 

.142(J3 

.14292; 

.14320 

.14349' 

.14378 

.144071 

.14436 

.14464 

.14493 

.14522 1 

.14.551 

.14580' 

.14606. 

.14687 

.14666: 

.14605: 

.14723 

.14752 

.14781 

.14810 

.14888 

.14867. 

.148961 

.149251 

.14982 
.1.5011 
.1.5040 
.15069. 

.1.5097! 
.1.5126, 
.15155 
.1,5184 

.l.')241 
.15270 
.15299 
.1.5.327 
.15356 

.1.5.385 
.l.'V414 
.1.5442 
.1.5471 
.15.-)00 
.1.5.529 
.1.5.\57 

.l.')615 
.1.5643 


©• 


Cosin 

.99027 
.99023 
.99019 
.99015 
.99011 
.99006 
.99002 
.98998 
.98994 
.98990 
.9o9ci6 

.98982 

.98978 

.98973 

.98969: 

.989651: 

.98961: 

.98957 1 

.98953! 

.98048 

.98944 

.98940 

.98936. 

.989311 

.98927i 

.98023J 

.98919. 

.98914: 

.989101 

.98906" 

.98902 

.98893: 

.  jincTHf . 

.98884!  = 

.98880 

.98876 

.98871 

.98867 

QRAm 

.tfOCXIO 

.98868 

.98854 

.98849 

.98846 

.98841 

.98836 

.98832: 

.988271 

.98823 

.98818 

.98814 

'.«»09 
.98805 
.98800 
.98796: 
.98791! 
.98787| 
.987821 
.98778 
.98778 
.98760 


I  Sine 

.15643 

.15672 

.16701 

.15780: 

.15758' 

.16787 

.16816' 

1.16845; 

'.15873! 
.1.5902 

! .15931 


Cosin 


.15959 

.15988 

.16017. 

.16046; 

.16074; 

.16103; 

.16132 

.16160 

.16180 

.16218 

.16946 

.16804 

.16888 

.16861 

.168901 

.16419 

.16447; 

.164761 

.16606. 

.16588' 

.16662 

.16591 

.16620 

.16648 

.16677 

.16706 

.16781 

.16768 

.16792 

.16890 

.168491 

.16878: 

.16906| 

.16966 

.16964: 

.16992! 

.17021 

.17060! 

.17078 

.17107 
.17186: 
.17164 
.17193 

.i?ie 

.17250 
.17279 
.17308 
.17886 
.178661 


.98769  00 
.987^  60 
.98760  68 
.96755  57 
.98751  66  I 
.96746  55 
.98741 .  51 
.98787,  58 
.98732'  59 
.98?%  51 
.987^  50 

.96718'  49 
.98714  48 
.98709  47 
.98?04:  46 
.98700=  46 
.98605  44 
.98600  48 
.98686  49 
.98681  41 
.96676.40 

.96971180 
.96607  88 
.96662  87 
.96667  86 
.96659' 86 
.96018  84 
.96648  88 
.96636  88 
.96638  81 
.96690.80 

.96694I2O 
.986191  98 
.96614  87 
.96609;  98 
.96604:  95 
.96600194 
.96595  98 
.96500,99 
.986851  91 
.98680  SO 


.96675 
.98670 
.98665 
.98661 
.98666 
.98551;  14 
.98518;  18 
.965411  19 
.98580  11 
.98681  10 


10 
18 
17 
10 
15 


.96696 
.98591 
.96610 
.98511 
.98500 
.98601 
.98196 
.98481 
.96480 
96481 


Cosin  I  Sine 
81^ 


Cosin   Sina 
80^ 


• 
8 
7 
6 
6 
4 
8 
8 
1 
0 


TABLE  X.-SINES  AND  COSINES. 


375 


0 

1   10* 

no     1 

12»   1 

13° 

140 

t 
60 

Sine  Cosin 
.17365  .98481 

Sine 
.19081 

Cosin ' 
.98163 

Sine 
.20791 

Cosin' 

Sine 

Cosin 

Sine 

Cosin 

.97815 

.22495 

.97437 

.24192 

.97030 

1 

.17398  .98476 

.19109 

.98157, 

.20820 

.97809 

.22523 

.974:30 

.24220 

.97023 

59 

2 

.17422  .98471 

.19138 

.981521 

.20848 

.978031 

.22552 

.97424 

.24249 

.97015 

58 

8 

.17451  .98466 

.19167 

.98146 

.20877 

.97797 

.22580 

.97417 

.24277 

.97008 

57 

4 

.17479  .98461 

.19195 

.98140 

.20903 

.97791 

.22608 

.97411 

.24305 

.97001 

56 

6 

.17508  .98455 

.19224 

.98135 

.20933 

.97784 

.22637 

.97404 

.24333 

.96994 

55 

6 

.17537  .98450 

.19252 

.98129' 

.20962 

.97778 

.22665 

-07398 

.24362 

.96987 

54 

? 

.17565  .98445 

.19281 

.98124 

.20990 

.97772, 

.22693 

.97391 

.24390 

.96980 

58 

8 

.17594  .98440 

.19309 

.98118 

.21019 

.97766 

.22722 

.97384 

.24418 

.96973 

52 

9 

.17623  .98435 

.19338 

.98112; 

.21047 

.97760, 

.22750 

.97378 

.24446 

.96966 

51 

10 

.17651;. 98430 

.19366 

.98107! 

.21076 

.97754' 

.22778 

.97371 

.24474 

.96959 

50 

•IT 

.17680 

.98425 

.19395 

.98101 1 

.21104 

.97748 

.22807 

.97365 

.24503 

.96952 

49 

12 

.17708 

.98420 

.19423 

.98096' 

.21132 

.97742 

.22835 

.97358 

.24531 

.96945 

48 

13 

.17737 

.98414 

.19452 

.98090 

.21161 

.977351 

.22863 

.97351 

.24559 

.96937 

47 

14 

.17766 

.98409 

.19481 

.98084 

.21189 

.97729 

.22892 

.97345 

.24587 

.96930 

46 

15 

.17794 

.98404 

.19509 

.98079; 

.21218 

.97723 

.22920 

.97338 

.24615 

.96923 

45 

16 

.17823 

.98399 

.19538 

.98073 

.21246 

.97717 

.22948 

.97331 

.24644 

.96916 

44 

17 

.17852 

.98394 

.19566 

.98067: 

.21275 

.97711 

.22977 

.97825 

1  .24672 

.96909 

48 

18 

.17880 

.98389 

.19595 

.98061 

.21303 

.97705 

.23005 

.97318 

.24700 

.96902 

42 

Itf 

.17909 

.98383 

.19623 

.98056 

.21331 

.97698 

.23033 

.97311 

.24728 

.96894 

41 

20 

.17937 

.98378 

.19652 

.98050 

.21360 

.97692, 

.23062 

.97304 

.24756 

.96887 

40 

21 

.17966 

.98373 

.19680 

.98044 

.21388 

.97686' 

.23090 

.97298 

.24784 

.96880 

39 

22 

.17995 

.98368 

.19709 

.98039' 

.21417 

.97680 

.23118 

.97291 

.24813 

.96873 

38 

23 

.18023 

.98362 

.19737 

.98033! 

.21445 

.97673 

.23146 

.97284 

.24841 

.96866 

87 

24 

.18052 

.98357 

.19766 

.98027; 

.21474 

.976671 

.23175 

.97278 

.24869 

.96858 

86 

23 

.18081 

.98352 

.19794 

.980211 

.21502 

.9766r 

.23203 

.97271 

.24897 

.96851  35 

26 

.18109 

.98347 

.19823 

.98016 

.21530 

.976551 

.23231 

.97264 

.24925 

.96844  34 

27  .18138 

.98341 

.19851 

.98010 

.21559 

.97648 

.23260 

.97257 

.24954 

.96837  33 

28 

.18166 

.98336 

.19680 

.98004J 

.21587 

.97642 

.23288 

.97251 

.24982 

.96829 

32 

£9 

.18195 

.98331 

.19908 

.97998 

.21016 

.97636 

.23316 

.97244 

.25010 

.96822 

31  , 

30 

.18224 

.98325 

.19937 

.979921 

.21644 

.97630 

.23345 

.97237 

.25038 

.96815 

30 

81 

.18252 

.98320 

.19965 

.97987 

.21672 

.97623' 

.23373 

.97230 

.25066 

.96807 

29 

82 

.18281 

.98315 

.19994 

.97981 

.21701 

.97617, 

.23401 

.97223 

.25094 

.96800 

28 

33 

.18309 

.98310 

.20022 

.979751 

.21729 

.97611! 

.23429 

.97217 

.25122 

.96793 
.96786 

27 

34 

.18338 

.98304 

.20051 

.97969 

.21758 

.97604 

.23458 

.97210 

.25151 

26 

35 

.18367 

.98299. 

.20079 

.97963 

.21786 

.97598 

.23486 

.972031 

.25179 

.96778 

25 

36 

.18395 

.98294 

.20108 

.97958 

.21814 

.97592, 

.23514 

.97196 

.25207 

.96771 

24 

37 

.18424 

.98288 

.20136 

.97952 

.21843 

.97585 

.23542 

.97189' 

.25235 

.96764 

23 

38 

.18452 

.98283 

.20165 

.97946 

.21871 

.97579 

.23571 

.97182, 

.25263 

.96756 

22 

39 

.18481 

.98277 

.20193 

.97940' 

.21899 

.97573 

.23599 

.97176! 

] .25291 

.96749 

21 

40 

.18509 

.98272 

.20222 

.97934 

.21928 

.97566 

.23627 

.97169 

.25320 

.96742 

20 

41 

.18538 

.98267 

.20250 

.97928 

.21956 

.97560 

.23656 

.97162 

.25348 

.96734 

19 

42 

.18567 

.98281 

.20279 

.97922 

.21985 

.97553 

.23684 

.97155 

.25376 

.96727  18 

43 

.18595 

.98256 

.20307 

.97916; 

.22013 

.97547 

.23712 

.97148 

.25404 

.96719  17 

44 

.18624 

.98250 

.20330 

.97910, 

.22041 

.97541: 

.23740 

.97141 

.25432 

.96712 

16 

45 

.18652 

.982451 

.20364 

.97905 

.22070  .97534 

.23769 

.97134 

.25460 

.96706 

15 

46 

.18681 

.982401 

.20393 

.978991 

.22098 

.97528 

.23797 

.97127 

.25488 

.96697 

14 

47 

.18710 

.98234 

.20421 

.97893 

.22126 

.97521 

.23825 

.97120 

.25516 

.96690 

13 

48 

.18738 

.98229 

.20450 

.97887 

.22155  .97515; 

.23853 

.97113 

.25545 

.96682 

12 

49 

.18767 

.98223 

.20478 

.97881 

.22183  .97508 

.23882 

.97106 

.25.573 

.96675 

11 

50 

.18795 

.98218 

.20507 

.97875 

.22212  .97502 

.23910 

.97100 

.25601  .96667 

10 

51 

.18824 

.98212 

.20535 

.97869 

.22240  .97496 

.23938 

.97093 

.25629  .96660 

9 

52 

.18852 

.98207 

.20563. 97863 

.22268  .97489! 

.23966 

.97086; 

1  .25657  .96653 

8 

53 

.18881 

.98201 

.205921.978571 

.22297  .97483 

.23995 

. 97079 i 

.25685  .96645 

7 

54 

.18910 

.98196 '1.20620 1.97^51 

.22325  .97476! 

.24023 

.97072 

.25713  .96638 

6 

55 

.18938 

.98100  1  .20049,. 97845  '  .22:353  .97470 

.24a51 

.97065 

.25741  .96630 

6 

56 

.18907 

.98185 

.206771.97839 

.22382  .97463 

.5*4079 

.97058 

.25769  .96623 

4 

57 

.18995 

.98179 

.207061.97833 

.22410  .97457 

.24108 

.97051 

.25798  .96615 

8 

58 

.19024 

.98174 

.20734  .978271 

.224;«  .97450! 

.24136 

.97044 

.85826  .96608 

2 

59 

.19052,. 981 68 

.20763  .978211 

.23467  .97444! 

.24164 

.97037 

.25854  .96600 

1 

60 
» 

1 

.190811.98163 

.20791 
Cosin 

.97815 

.22495 
Cosin 

.97437 
Sine 

.24192 
Cosin 

.97030 
Sine 

.258^ 
Cosin 

.96593 

_0 

Cosin 

Sine 

Sine 

Sine 

79» 

78* 

770 

76«» 

750 

376 


TABLE  X.-SINES  AND  COSINES. 


0 
1 
2 


15* 


.25882 

.25910' 

.25988: 


8  .25966' 
4  ' .25994 
6  .26022 

6  .26050 

7  .26079' 

8  '.26107 

9  I .26135 

10  I .26163 

11  i  .26191 ' 

12  .26219! 

13  j  .26^7' 

14  .26275! 
.26303' 
.26331! 
.26359 
.26387 
.26415 
.26443 


16« 


IT 


18« 


15 
16 
17 
18 
19 
20 


21 
22 


26 
27 
28 
29 
30 

81 
32 
83 
84 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Sine  |C?08in 

.96593 

.96585 

.96578 

. 96570 i 

.96562  I 

.965551 

.96547 1 

.96510 

.96532 

.96524! 

.96517; 

.96509 

.96502 

.96494 

.96486 

.96479' 

.96471 

.96463 

.96456 

.96148 

.96440 


Sine  iCosin:  Sine 


.26471 
.26500 

23  .26528 

24  :. 26556 

25  .26584 


.26612 
.26640 
.26668 
.26696 
.26724 

.26752 
.26780 


.26864 
.26892 
.26920 
.26948 
.26976 
.27004 

.27032 
.27060 
.27088 
.27116 
.27144 
.27172 
.27200 
.27228 
.27256 
.2?^ 

.27312 
.27340 
.27368 
.27396 
.27424 
.27462 
.27480 
.27508 
.27536 
.27564 


.96433 

.961251 

.96417 

.96410; 

.96402 

.96394 

.96386 

.96379 

.96371 

.96363| 

.96355 

.963471 

.96340, 

.96332! 

.96324: 

.96316 

.96308 

.963011 

.96293, 

.96285' 

.96277 

.96269 

.962611 

.96253 

.96246 

.96288 

.96230 

.96222 

.96214' 

.96206 

.96198 

.96190 

.96182 

.96174 

.96166 

.96158 

.96150 

.96142 

.96134; 

.96126 

Cosin  Sine  r 


.27564 

.27592, 

.27620 

.27648 

.27676 

.27704 

.27731' 

.27759 

.27787 

.27815 

.27&13 

.27871' 

.27899 

.27927 

.27955, 

.27983 

.28011; 

.28039! 

.28067] 

.28095! 

.28123' 

.28150' 

.281781 

.28206' 

.28234; 

.28262 

.28290; 


.28318 


.28346. 
.28374; 

.28408 

.28429 

.2&157 

.28485 

.28513 

.28511 

.28569 

.28597 

.28625 

.28652; 

.28680 


.28708 
.28736' 
.28761 
.28792 

[7 

.28875 
.289031 
.28931' 
.28959 

.289871 

.29015, 

.290421 

.29070 

.29098' 

.29126 

.29154' 

.29182 

.29209! 

.29237 


.96126 1 1 
.96118  ' 
.96110  , 
.96102 
.96094'; 
.96086  ' 
.96078 
•96070  ' 
.96062  , 
.96051  I 
.96046:, 

.960371, 

.96029 

.96021 

.96013 

.96005 

.95997 

.95989; 

.959811; 

.95972, 

.95964  ! 

. 95956  i: 

.95948;! 

.95940:; 

.95931 

.95923 

.95915 

.95907 

.95898 

.95890 

.95882 

.95874 
.95865 
.95857 
.95849 
.95841 
.95832 
.95824 
.95816 
.95807 
.95799 

.95791 
.95782 
.95774 
.95766 
.95757 
.95749 
.95740 
.95732 
.95724 
.95715 

.95707' 

.95698! 

.95690, 

.95681' 

.95673, 

.95664. 

.95656 

.95647 

.95639 

.95630 


Cosin  .  Sine 


.29237 

.29265 

.29293 

.29321 

.29348' 

.29376; 

.29404' 

.29432 

.29460 

.29487 

.29515 

.29543 

.29571 

.295991 

.29626! 

.29654, 

.29682 

.29710; 

.29737 

.29765! 

.29793 

.29621 ' 
.29849; 
.29876; 
.299041 
.29932; 
.29960; 
.29987 
.30015 
.80043 
.80071 

.80098 

.80126 

.80154 

.80182 

.80209 

.80237 

.80265 

.80292! 

.80320; 

.80348' 


I 


.80376 

.80403, 

.804311 

.80459 

.80486 

.80514 

.80542 

.80570 

.80597 

.80625' 

.30653 

.30(W0i 

.30708 

.30736, 

.30763 

.30791 

.30819! 

.30846 

.;i0874  , 

.30902,, 


.95630 

.95622 

.95613 

.95605 

.95596 

.95588 

.95579 

.95571! 

.95562, 

.95554! 

.95545| 

.95536  ' 

.95528 

.95519. 

.95511  : 

.95502;' 

.95493! 

.951851 

.95476 

.951671 

.95159  ' 

.95450' 

.954411' 

.95433  ! 

.a5121' 

.95415; 

.954071 

.95398, 

.95389! 

.95380 

.95372 

.95363' 

.95351  I 

.95345!; 

.953371 

.95328  ! 

.95319  ; 

.95310 

.95301' 

.95293 

.952&1 

.95275 
.95260 
.95257 
.95218 
.95240 
.95231 
.95222 
,95213 
,95201 
,95195 

,95186 
95177 
a")168 
95159 
95150 
95142 
9^)133 
95124 
%115 
95106 


Cosin 


.30902 
.80929 
.30957 
.30965 
.31012 
.81010 
.81068 
.31095 
.31123 
.31151 
.31178 

.31206; 

.31233 

.312611 

.31289 

.31316 

.81344 

.31372 

.31399 

.81427 

.81454 

.81482 
.81510 
.81537 
.81565 
.31593 
.31620 
.31618 
.31675 
.31703 
.81730 

.81758 
.81786 
.81818 
.81811 
.81868 
.81896 
.31923 
.81951 
.81979 
.82006 

.82034 

.82001 
.32089 
.82116 
.32144 
.32171 
.32190 
.82227 
.32254 

.82300 

.82*37 

.82364 

.82302 

.32419 

.32447 

.;*M74| 

.325021 

.32529! 

.32557! 


.95106 
.95C37 
.95068 
.95079 
.95070 
.95061 
.95052 
.95043 
.95033 
.95024 
.95015 

.95006 
.94997 
.94988 
.94979 
.94970 
.94961 
.94952 

.91933 
.94924 

.94915 
.91906 
.94897 
.94888 
.94878 
.94869 
.94860 
.94851 
.94842 
.94832 

.94828 
.94814 
.94805 
.94795 
.94786 
.94777 
.94768 
.94758 
.94749 
.91740 

.W780 
.91?21 
.91712 
.91702 
.91693 
.946&1 
.94674 
.94665 
.94656 
.94646 

.94637 

.94627! 

.94618; 

.94609; 

.94599' 

.94590, 

.94580| 

.94571, 

.945611 

.94552 
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Cosin 


Cosin '  Sine  Cosin  Sine  Cosin  Sine 


73« 


1. 


72« 


71* 


Sine 

.82557 
.82584 
.82612 
.82639 
.82667 
.32694 
.32722 
.82749 
.32777 
.32804 
.33832 

.32859 

.32887! 

.329141 

.32942 

.32969 

.32997 

.33024 

.38051 
1.88079 
i  .38106 

'.88181 

.88161 

.33189 

.88216 
;. 88244 

.83271 
..88298 

.S3826 

.88868 

.88881 

'.88406 
'.88486 

.88468 

.88490 
!. 88618 

.83546 

.88573 

.88600 

.88027 

.88666 

1.88682 
.88710 
.83787! 
.837641 
.88792 
.83819 
.88ai6 
.83874 
88901 
.33929: 

.83956' 

.83963; 

.31011 1 

.31088, 

.84065 

.84093: 

.31120 

.34147. 

.34175 

.342Ce,   _ 

CoeinrSiiio 


.94562  60 

.94642' 50 

.94633 

.94623 

.94514 

.94604 

.94496 

.94486 

.94476 

.^4467 

.94447 
.94488 
.94428 
.94418 
.94409 
.94399 
.94390 
.94380 
.94370 
.94361 

.94351 
.94342 
.94332 
.94322 
.»1818 
.948U8 
.94293 
.94264 
.94274 
.94904 

.94254 
.94246 
.94285 
.94226 
.94215 
.94206 
.04196 
.04186 
.04178 
.04167 

.04157 
.04147 
.04187 
.04187 
.04118 
.04106 
.01098 
.04068 
.01078 
.04068 

.04068 
.04049 
.04080 
.01020 
.04010 
.04000 
.08990 
.03980 
.98070 
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"o 

20» 

210    1 

22«   1 

23'» 

24» 

M 

Sine 
.34202 

Cosin 

Sine 
.a5837 

Cosin 
.93358 

Sine 

Cosin 
.92718 

Sine 
.39073 

Cosin 

Sine  1  Cosin 
.40674;.  91355 

/ 

.93969 

.37461 

.92050 

60 

1 

.34229 

.93959 

.35864 

.93»48 

.37488 

.92707 

.39100 

.92039 

.40700  .91343 

59 

2 

.34257 

.93949 

.35891 

.93337 

.37515 

.92697 

.39127 

.92028 

.40727  .91331 

58 

8 

.a4284 

.93939 

.35918 

.93327 

.37542 

.92686 

.39153 

.92016 

.40753  .91319 

57 

4 

.34311 

.93929 

.35945 

.93316 

.37569 

.92675 

.39180 

.92005 

.40780  .91307 

56 

5 

.34339 

.93919 

.35973 

.933061 

.37595 

.92664 

.39207 

.91994 

.40806  .91295 

55 

6 

.34366 

.93909 

.36000 

.93295: 

.37622 

.92653 

.39234 

.91982 

.40833  .91283 

54 

7 

.34393 

.93899 

.36027 

.93285! 

.37649 

.92642 

.39260 

.91971 

.40860  .91272  53 

8 

.34421 

.93889 

.36054 

.932741 

.37676 

.92631 

.39287 

.91959 

.40886  .91260  62 

9 

.34448 

.93879 

.36081 

.93264 

.37703 

.92620 

.39314 

.91948 

.40913  .91248 

51 

10 

.84475 

.93869 

.36108 

.93253 

.37730 

.92609 

.39341 

.91936 

.40939 

.91236 

50 

11 

.34503 

.93859 

.36135 

.93243 

.37757 

.92598 

.39367 

.91925 

.40966 

.9i224 

49 

12 

.34530 

.93840 

.36102 

.93232 

.37784 

.92587 

.39394 

.91914 

.40992 

.91212 

48 

13 

.34557 

.93839 

.36190 

.93222 

.37811 

.92576 

.39421 

.91902 

.41019 

.91200 

47 

14 

.34584 

.93829 

.36217 

.93211 

.37838 

.92565 

.39448 

.91891 

.41045 

.91188 

46 

15 

.34612 

.93810 

.36244 

.93201 

.37865 

.92554 

.39474 

.91879 

.41072 

.91176 

46 

16 

.34639 

.93809 

.36271 

.93190 

.37892 

.92543 

.39501 

.91868 

.41098 

.91164 

44 

17 

.34666 

.93799 

.36298 

.93180 

.37919 

.92532 

.39528 

.91856 

.41125 

.91152 

43 

18 

.34694 

.93789 

.36325 

.93169 

.37946 

.92521 

.39555 

.91845 

.41151 

.91140 

42 

•19 

.34721 

.93779 

.36352 

.93159 

.37973 

.92510 

.39581 

.91833 

.41178 

.91128 

41 

20 

.34748 

.93769 

.36379 

.93148 

.37999 

.92499 

.39608 

.91822 

.41204 

.91116 

40 

21 

.34775 

.93750 

.3ft406 

.93137 

.38026 

.92488 

.39635 

.91810 

.41231 

.91104 

39 

22  1.34803 

.93748 

.36434 

.93127 

.38053 

.92477 

.39661 

.91799 

.41257 

.91092 

88 

23 

.34830 

.93738 

.36461 

.93116 

.38080 

.92466 

.39688 

.91787 

.41284 

.91080 

87 

24 

.34857 

.93728 

.36488 

.93106 

.38107 

.92455 

.39715 

.91775 

.41310 

.91068 

36 

25 

.34884 

.93718 

.36515 

.93095 

.38234 

.92444 

.39741 

.91764 

,41337 

.91056 

35 

26 

.34912 

.93708 

.36542 

.93084 

.38161 

.92432 

.39768 

.91752 

.41363 

.91044 

34 

27 

.34939 

.93698 

.36569 

.93074 

.38188 

.92421 

.39795 

.91741 

.41390 

.91032 

33 

28 

.34966 

.93688 

.36596 

.93063 

.38215 

.92410 

.39822 

.91729 

.41416 

.91020 

32 

29 

.34993 

.93677 

.36623 

.93052 

.38241 

.92399 

.39848 

.91718 

.41443 

.91008 

31 

30 

.35021 

.93667 

.36650 

.93042 

.38268 

.92388 

.39875 

.91706 

.41469 

.90996 

30 

81 

.35048 

.9365? 

.36677 

.93031 

.38295 

.92377 

.39902 

.91694 

.41496 

.90984 

29 

82 

.35075 

.93647 

.36704 

.93020 

.38322 

.92366 

.39928 

.91688 

.41522 

.90972 

28 

33 

.35102 

.93637 

.36731 

.93010 

.38349 

.92355 

.39955 

.91671 

.41549 

.90960 

27 

34 

.35130 

.93626 

.36758 

.92999 

.38376 

.92343 

.39982 

.91660 

.41575 

.90948 

26 

35 

.35157 

.93616 

.36785 

.92988 

.38403 

.92332 

.40008 

.91648 

.41602 

.909361  25 

36 

.35184 

.93606 

.36812 

.92978 

.38430 

.92321 

.40035 

.91636 

.41628 

.90924 

24 

37 

.35211 

.93596 

.36839 

.92967 

.38456 

.92310 

.40062 

.91625 

.41655 

.90911 

23 

88 

.35239 

.93585 

.36867 

.92956 

.38483 

.92299 

.40088 

.91613 

.41681 

.90899 

22 

89 

.35266 

.93575 

.36894 

.92945 

.38510 

.92287 

.40115 

.91601 

.41707 

.90887 

21 

40 

.35293 

.93665 1 

.36921 

.92935 

.38537 

.92276 

.40141 

.91590 

.41734 

.90875 

20 

41 

.85320 

.93555 

.36948 

.92924 

.38664 

.92265 

.40168 

.91578 

.41760 

.90863 

19 

42 

.35347 

.93544 

.36975 

.92913 

.38591 

.92254 

.40195 

.91566 

.41787 

.90851 

18 

43 

.35375 

.93534 

.37002 

.92902 

.38617 

.92243 

.40221 

.91555 

.41813 

.90839 

17 

44 

.35402 

.93534 

.37029 

.92892 

.38644 

.92231 

.40248 

.91543 

.41840 

.90826 

16 

45 

.35429 

.93514 

.37056 

.92881 

.38671 

.92220 

.40275 

.91531 

.41866 

.90814 

15 

46 

.35456 

.93503 

.37083 

.92870 

.38698 

.92209 

.40301 

.91519 

.418921.90802 

14 

47 

.35484 

.93493 

.37110 

.92859 

.38725 

.92198' 

.40328 

.91508 

.41919 

.90790 

13 

48 

.35511 

.93483 

.37137 

.92849 

.38752 

.92186 

.40355 

.91496 

.41945 

.90778 

12 

49 

.35538 

.93472 

.37164  .92838 

.38778 

.92175 

.40381 

.91484 

.41972 

.90766 

11 

50 

.35565  .93462 

.37191 

.92827 

.38805 

.92164 

.40408 '.91472 

.41998 

.90753 

10 

51 

.35592 

.93452 

.37218 

.92816 

.38832 

.92152 

.40434  .91461 

.42024 

.90741 

9 

52 

.35619 

.93441 

.37245 

.92805 

.38859  .92141 

.40461  .91449 

.42051 

.90729 

8 

53 

.35647 

.9.^31 

.37272 

.92794 

.38886  .92130 

.40488  .91437 

.42077 

.90717 

7 

54 

.35674 

.93420 

.37299 

.92784 

.38912 

.92119 

.40514  .91425 

.42104 

.90704 

6 

55 

.35701 

.93410 

.37326 

.92773 

.38939 

.92107 

.40541  .91414 

I .42130 

.90692 

5 

56 

.35728 

.93400 

.37353 

.92762 

.38966  .920961 

.40567  .91402 

1.42156 

.90680 

4 

57 

.35755 

.93389 

.37380 

.92751 

.38993  .92085 

.40594  .91390 

.42183 

.90668 

8 

58 

.35782 

.93379, 

.37407 

.92740 

i  .390201.92073 

.40621  .91378 

.42209 

.90655 

2 

59 

..35810 

.93368 

.37434 

.92729 

1 .39046  .920621 

.40647  .91366 

.42235 

.90643 

1 

60 

.35a37 
Cosin 

.93358 
Sine 

.37461 
Cosin 

^2718 
Sine 

.390731.92050' 
Cosin  1  Sine 

.40674  .91355 
Cosin  Sine 

.42262 
Cosin 

.90631 

J 

Sine 

/ 

69» 

66* 

67° 

66» 

65« 
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/ 

"o 

250    1 

26'» 

27«> 

28«> 

290 

/ 
60 

Sine 

Cosin 
.90631 

Sine 
.43837 

Cosin 
.89879 

Sine  Cosin 
745399  ^89101 

Sine  Cosin 
.46947 '.88295 

Sine  'Cosin 
.484811.87462 

.42262 

1 

.42288 

.90(518 

.43863 

.89867 

.45425  .89087 

.469^3  .88281 , 

.48506  .87448 

69 

2 

.42315 

.90606 

.43889 

.89854 

.45451  .89074 

j. 46999 1.88267' 

.48532 

.87434 

68 

3 

.423*11.90594 

.43916 

.89841 

:. 45477 1.89001 

' .47024 

.88254 

.48557 

.87420 

67 

4 

.42367 

.90582 

.43942 

.89828 

.455031.89048 

.47050 

.88240 

.48583 

.87406 

66 

5 

.42394 

.90569 

.43968 

.89816 

.45529 

.89035 

.47076 

.88226 

.48608 

.87391 

55 

6 

.43420 

.90557 

.43994 

.89803 

.45554 

.89021 

.47101 

.88213 

.48634 

.87377 

64 

7 

.42446 '.90545 

.44020 

.89790,1.45580 

.89008 

.47127:. 88199 

.48659 

.87^68 

63 

8 

.424731.90532 

.44046 

.89777 

1.45606 

.88995 

.471531.88185 

.48684 

.87349 

62 

9 

.42499 

.90520 

.44072 

.89764 

'.45632 

.88981 

.47178  .881721 

.48710 

.87335 

61 

10 

.42525 

.90507 

.44098 

.89752 

.45658 

.88968 

.47204 

.88158 

.48735  .87321 

50 

11 

.42552 

.90495 

.44124 

.89739 

.45684 

.88955 

.47229 

.88144 

.48761  .87306 

49 

12 

.42578 

.904a3 

.44151 

.89726 

.45710 

.88942 

.47255 

.88130 

.487861.87292 

48 

13 

.42604 

.90470 

.44177  .897131 

.457:36 

.88928 

:. 47281 1.88117! 

.48811 

.87278 

47 

14 

.42631 

.90458 

.4420:3  .89700 

.45762 

.88915 

■  .47:306 

.88103 

.48837 

.87^04 

46 

15 

.42657 

.90446 

.44229  .89687 

.45787 

.88902 

.47332 

.88089 

.48862 

.87250 

45 

16 

.42683 

.90433 

.44255 

.89674 

.45813 

.88888 

.47.358 

.88075; 

; .48888 

.87235 

44 

17 

.427091.90421 

.44281 

.89662 

.458:39 

.88875 

.47383 

.88062 

.48913 

.87221 

43 

18 

.42736 '.90408 

.44307 

.89649 

.45865 

.88862 

.47409 

.88048 

,.48938 

.87207 

42 

19 

.42762 

.90396 

.44333 

.89636 

.45891 

.88848 

.474.34 

.88034 

.489fr4 

.87193 

41 

20 

.42788 

.90383 

.44359 

.89623 

.45917 

.88835 

.47460 

.88020 

'.48989 

.87178 

40 

21 

.42815 

.90371 

.44385 

.89610 

.45942 

.88822 

'.47486 

.88006 

.49014 

.87164 

89 

22 

.42841 

.90a58 

.44411 

.89597 

1  .45908 

.88808 

.475111.87993 

i  .49040 

.87150 

38 

23 

.42867 

.90346 

.44437 

.89584 

.45994 

.88795 

.47537  .87979 

.49065 

.87136 

37 

24 

.42894 

.903:« 

.44464 

.89571' 

1  .46020 

.88782 

.47562 '.87965 

.49090 

.87121 

86 

26 

.42920 

.90321 

.44490 

.89558 

■.46046 

.88768 

.47.5881.87951 

.49116 

.87107 

86 

26 

.42946 

.90309 

.44516 

.89545 

1 .46072 

.88755 

.476141.87937 

.49141 

.87098 

84 

27 

.42972 

.90296 

.445421.89532 

i  .46097 

.88741 

.476391.87923 

.49166 

.87079 

83 

28 

.42999 

.90284 

.44568.. 89519 

.46123 

.88728 

.47665;. 87909 

.49192 

.87064 

82 

29 

.43025 

.9)271 

.44594 

.89506 

.46149  .88715 

.47690 

.87896 

.49217 

.87050 

81 

30 

.43051 

.90259 

.44620 

.89493 

.46175 

.88701 1 

1 .47716 

.87882 

.49^ 

.87086 

80 

81 

.43077 

.90246 

.44646 

.89480 

.46201 

.88688 

;  .47741 

.87868 

.49268 

.87021 

20 

32 

.43104 

.9023:^ 

.446?2 

.89467 

.46226 

.88674 

1 .47767  .87854 

.49293 

.87007 

28 
27 

&3 

.43130 

.90221 

.44698 

.89454 

.46252  .88661 

.47793  .87840 

.49318 

.86993 

34 

.43156 

.90208 

.447:^ 

.89M1 

.46278;. 88647 

: .478181.87826 

.49344 

.86978 

26 

35 

.43182 

.90196 

.44750 

.89428 

.46304'.  886.3-41 

'.47844 '.87812 

.49369 

.86964 

25 

36 

.43209 

.90183 

.44776 

.89415 

:  . 46330 i. 88620 

1.478691.87798 

'.49394 

.86919 

24 

37 

.43235 

.90171 

.44802 

.89402 

' .46355  .88607 

.47895  .87784 

.49419 

.86936 

28 

38 

.43261 

.90158 

.44828 

.89:389 

. .40381  .88593 

.47920  .87770 

,.49445 

.86921 

22 

39 

.41)287 

.90146' 

.44854 

.89376 

1  A{U07   .88580 

.47946  .877.56 

.49470 

.86906 

21 

40 

.43313 

.90133 

.44880 

.89363 

.46433  .88566 

.47971 ■ .87743 

.49495 

.86882 

20 

41 

.43340 

.90120 

.44906 

.89350 

.46458  .8a553 

.47997 '.87729 

.49521 

.86878 

10 

42 

.4:i366  .90108 

.44932I  .89;i37 

i  .46484  .88539 

.48022  .87715 

.49546 

.86863 

18 

43 

.4;)392 

.90095 

.449581 .89324 

.46510  .88526 

i  .48048  .87701 

; .49571 

.86849 

17 

44 

.43418 

.90082, 

.449841.89311 

1  .465:36  .88512 

.48073  .87()87 

1.49596 

.86834 

16 

45 

4.3445 

.900701 

.45010  .89298 

•  .46.561  .88499 

i  .48099  .87673 

1.49622 

.86820 

16 

46 

.43471 

.900:57 

.45a36 

.89285 

, .46587  .88485 

.48124  .87659 

.49647 

.86806 

14 

47 

.43497 

.90045, 

.45062 

.89272 

.46613  .88472 

.48150  .87615 

.49672 

.86791 

18 

48 

.43523 

.900132 

.45088 

.89259 

.466:39  .88458 

.48175  .87a31 

.49697 

.86777 

12 

49 

.4:«49 

.90019 

.45114 

.89245 

.40064  .88445 

.48201  ^ 870 17 

.49723 

.86762 

11 

50 

.43575 

.90007 

.45140 

.89232 

.46690 

.88431 

1 

.48226 

.87603, 

.49748 

.86748 

10 

61 

.43602 

.89994 

.46166 

.89219 

.46716 

.88417 

.482.52 

.87589. 

'.49773 

.86788 

0 

62 

.4.'i828 

.89tWl 

.45192 

.89206 

.46742!. 88 1(U 

.48277'. 87575' 

.49798 

.86n9 

8 

53 

.4;i654 

.899<)8 

.45218 

.89193 

.46767 

.8M.31H) 

.48.303 '.875011 

.49ea4 

.86704 

7 

64 

.4:^)80 

.89J)56 

.45243 

.89180' 

.46793 

.88.377 

.48.328 

.87516 

'.49849 

.86690 

6 

65 

.43706 

.8994:^ 

.45269 

.89167 

.4r)819 

.8^3(^3 

■  .48:3.5-4 

.87.V32 

.49874 

.86675 

6 

56 

.43733 

.890:W 

.45295 

.8915:3  i 

.4r)H44 

.88.319 

.48379 

.87518. 

.49899 

QAAAI 

4 

57 

.4^)759 

.89918 

.45.321 

.89140 

.40870 

.88:i-3<) 

.484^15 

.87.5<U 

.49924 

.86646 

a 

68 

.4:^785  .mm 

.45:i47 

.89127; 

.4r>S96 :  .8K3->>2 

.481:30 

. 87490 i 

.49950 

.86682 

2 

69 

.•mn  .89MJW 

.45.3731.89114 

i  .46921  l.SH.'K)S 

.48156 

.87476; 

.49975 

.86617 

1 

60 

.438:^7  .8<W79 

.45:39<);. 89101, 

.40947.8«2'.)5 

1 .48481 

^874621 

.50000 

1  _      _  __ 

.86608 

J 

i 

Cosiu  1  Sine  | 

Cosiu  Sine  ' 

Cosiu  Siue 

Cosiu 

Sine" 

Cosin 

Bine 

t 

6^ 

l» 

61 

5« 

i      ei 

s<» 

61 

e 

6( 

>• 

Table  x. -sines  and  cosines. 


3t9 


"o 

80*   1 

81*» 

82» 

33«»   I 

34»   1 

t 

60 

Sine 

Cosin 
.86603 

Sine 
.51504 

Cosin 
.85717 

Sine 
.52992 

Cosin ' 
.84805 

Sine 
.54464 

Cosin 

.83867 

Sine 

Cosin 

.50000 

.55919 

.82904 

1 

.50025 

.86588 

.51529 

.85702 

.53017 

.84789 

.54488  .83851 

.55943 

.82887 

59 

2 

.50050 

.86573 

.51554 

.85687 

.53041 

.84774 

.54513  .83835 

.55968 

.82871 

68 

8 

.50070 

.86559 

.51579 

.85672 

.53066 

.84759 

.545371.83819 

.55992 

.82855  57 

4 

.50101 

.86544 

i  .51604 

.85657 

.53091 

.84743 

.545611.83804 

.56016 

.82839  56 

5 

.50126 

.86530 

1 .51628 

.85642 

.53115 

.84728 

.54586. 83788 

.56040 

.82822  55 

6 

.50151 

.86515 

.51653 

.85627 

.53140  .84712 

.54610-83772 

.56064 

.82806154 

7 

.50176 

.86501 

.51678 

.85612 

.53164 

.&4697 

.54035  .83756 

.56088 

.82790  53 

8 

.50201 

.86486 

.51703 

.85597 

.53189 

.84681 

.54059  .83740 

.56112 

.82773  52 

9 

.50227 

.86471 

.51728 

.85582 

.53214 

.84066 

.54083 '.83724 

.56136 

.82757 

51 

10 

.50252 

.86457 

.51753 

.85567 

.53238 

.84650; 

.54708  .837u8 

.56160 

.82741 

50 

11 

.50277 

.86442 

.51778 

.85551 

.53263 

.846351 

.54732  .83692 

.56184 

.82724 

49 

12 

.50302 

.86427 

.51803 

.85536 

.P3288 

.84619 

.54756 

.83676 

.56208 

.82708  48 

13 

.50327 

.86413 

.51828 

.85521 

.53312 

.84604 

.54781 

.83600 

.56232 

.82692'  47 

14 

-.50352 

.86398 

.51852 

.85506 

.53337 

.84588 

.54805 

.83045 

.56256 

.82675146 

15 

.50377 

.863^1 

.51877 

.85491 

.53361 

.84573 

.54829 

.83629 

.56280 

.826591  45 

16 

.50403 

.86369 

.51902 

.85476 

.53386 

.84557 

.54&'>4 

.83613 

.56305 

.82643144 

17 

.50428 

.86354 

.51927 

.8M61 

.53411 

.84542 

.54878,. 83597 

.56329 

.82626  43 

18 

.50453 

.86340 

.51952 

.85446 

.53435 

.845261 

.54902  .83581 

.56353 

.82610  42 

19 

.50478 

.86325 

.51977 

.85431 

.5^00 

.84511 : 

.f)4927  .83505 

.56377 

.82593  41 

20 

.50503 

.86310 

.52002 

.85416 

.534&1 

.84495, 

.54951  .83549 

1 

.56401 

.82577  40 

21 

.50528 

.86295 

.52026 

.85401 

.53509 

.84480' 

.54975  .83533 

.56425 

.82561  39 

22 

.50553 

.86281 

.52051 

.85385 

.53534 

.84464' 

.54999  .83517 

.56449 

.82544  38 

23 

.50578 

.86266 

.52070 

.85370 

.53558 

.84448 

.550241.83501 

.56473 

.82528  37 

24 

.50603 

.86251 

.52101 

.85355 

.53583 

.84433, 

.55048 

.83485 

.56497 

.82511 '  36 

25 

.50628 

.86237 

.52126 

.85340 

.53607 

.84417; 

.55072 

.8*469' 

.56521 

.82495  35 

26 

.50654 

.86222 

.52151 

.85325 

.53632 

.84402 

.55097 

.83453 

.56545 

.82478  34 

27 

.50679 

.86207 

.52175 

.85310 

.53656 

.84386 

.55121 

.834371 

.56569 

.82462'  33 

28 

.50704 

.86192 

.52200 

.85294 

.53681 

.843701 

.55145 

.83421, 

.56593 

.82446!  33 

29 

.50729 

.86178 

.52225 

.85279 

.53705 

. 84355 i 

.55169 

.83405; 

.56617 

.824291  31 

30 

.50754 

.86163 

.52250 

.85264 

.53730 

.84339 

.55194 

.83389 

.56641 

.82413  30 

31 

.50779 

.86148 

.52275 

.85249 

.53754 

.84324 

.55218 

.83373 

.56665 

.82396  29 

32 

.50804 

.86133 

.52299 

.85234 

.53779 

.84308 

.55242 

.83356 

.56689 

.82380  28 

33 

.50829 

.86119 

.52324 

.85218 

.53804 

.&4292 

.55266 

.83340 

.56713 

.82363'  27 

34 

.50854 

.86104 

.52349 

.85203 

.53828 

.84277 

.55291 

.83324! 

.56736 

.82347126 

35 

.50879 

.86089 

.52374 

.85188 

.53853 

.84261 i 

.55315 

.83308. 

.56760 

.82330  25 

36 

.50904 

.86074 

.52399 

.85173 

.53877 

.84245 

.55339 

.83292} 

.56784 

.82314  24 

37 

150929 

.86059 

.52423 

.85157 

.53902 

.^230 

.55363 

.83276! 

.56808 

.82297  23 

38 

.50954 

.86045 

.52448 

.85142 

.53926 

.84214 

.55388 

.83260, 

.56832 

.82281  22 

39 

.50979 

.86030 

.52473 

.85127! 

.53951 

.84198 

.55412 

.83244 

.56856 

.82264  21 

40 

.51004 

86015 

.52498 

.85112 j 

.53975 

.84182 

.55436 

.83228^ 

.56880 

.82248,20 

41 

.51029 

.86000 

.52522 

.85096] 

.54000 

.84167 

.55460 

.83212' 

.56904 

.82231 

19 

42 

.51054 

.85985 

.52547 

.850811 

.54024 

.84151 

.554841.83195: 

.56928 

.82214 

18 

43 

.51079 

.85970 

.52572 

.85066 

.54049 

.84135 

.55509. 83179, 

.56952 

.82198 '  17 

44 

.51104 

.85956 

.52597 

.85051 

.54073 

.84120 

.55533  .83163 

.56976 

.821811  16 

45 

.51129 

.85941 

.52621 

.85035 

.54097 

.&4104 

.55557:. 83147! 

.57000 

.82166  15 

46 

.51154 

.85926 

.52046 

.85020 

.54122 

.84088 

. 55581!. 83131 : 

.57024 

.82148  14 

47 

.51179 

.85911 

.52671 

.85005 

.54146 

.84072 

.556051.83115! 

.57047 

.82132  13 

48 

.51204 

.85896 

.52696 

.84989 

.54171 

.84057 

.55630 

.83098 

1 .57071 

.82115  12 

49 

.51229 

.85881 

.52?20 

.84974 

.54195 

.84041 

.55654 

.83082 

1  .57095 

.82098  11 

50 

.51254 

.85866 

.52745 

.84959 

.54220 

.84025 

.55078 

.83066 

.57119 

.82082  10 

51 

.51279 

.85851 

.52770 

.84943 

.54244 

.84009 

.55702 

.83050 

.57143 

.82065 

9 

52 

.51304 

.85836 

.52794 

.849281 

,54209 

.a3994 

.55720 

.83034 

.57167 

.82048;  8 

53 

.51329 

.85821 

.52819 

.84913 

.5429;3 

.83978 

.55750 

.83017 

.57191 

.82032 

7 

54 

.51354 

.85806 

.52844 

.84897 1 

.54317 

.83962 

.55775 

.83001 

.57215 

.82015 

6 

55 

.51379 

.85792 

.52869 

.848821 

.54342 

.83946 

.55799 

.82985 

.57238 

.81999 

6 

56 

.51404 

.85777 

.52893 

.848661 

.54366 

.83930 

.55823 

.82969 

.57262 

.81982'  4 

57 

.51429 

.85762 

.52918 

.84851 

.54391 

.83915 

.55847 

.82953 

.57286 

.819651  8 

58 

.51454 

.85747 

.52943 

.84836 

.54415 

.83899 

.55871 

.82936 

.57310 

.81949  2 

59 

.51479 

.85732 

.52967 

.84820 

.54440 

.&3883 

.55895 

.82920 

.57334 

.81932  1 

60 

.51504 
Cosin 

.85717 
Sine 

.52992 
Cosin 

^84805 
Sine  1 

.54464 
Cosin 

.83867 
Sine 

.55919 
Cosin 

.82904 
Sine" 

57358 

.81915,  0 

Cosin 

Sine 

# 

590 

680    1 

67«   ^ 

66<» 

66* 

380 


TABLE  X. -SINES  AND  COSINES 


35< 


Sine  ICosin 


0 
1 
2 
S 
4 

6| 
6' 

71 

9> 

10 


11 
12 
13 
14 
15 


.57358 

.57381! 

.57405! 

.57429 

.574531 

.57477 

.57501 ; 

.57524' 
.57548 
.57572' 
.57596 


d6< 


Sine  Cosin 


.57G19 
.57(>43 
.57607 
.57691 
.57715 

16  1 .57738 

17  !  .57762 

18  .57786, 

19  .57810 

20  ,  .57833' 


21  ;  .57857 

22  :  .57881 

23  i  .57904 

24  .57928 

25  i  .57952 
.57976 
.57999 
.58023 
.58047 
.58070 


26 
27 

28 
29 
30 


31 
32 


.58094 
.58118 

33  i. 58141 

34  .58165' 

35  !  .58189 

36  j  .58212 

37  =  .58236' 

38  .58260 

39  j. 58283 

40  |. 58307- 

41  '  .58330' 

42  1. 58354' 

43  1 .58378: 

44  !.5ft40ll 

45  1.58425; 

46  1 .58449, 

47  '  .58472 

48  .5^496 

49  .5a')19 
60  .58543 


51 
52 


.58567 
.58590 

53  .58614 

54  .586:^7 

55  .mm\ 

56  .58(iK4; 

57  .58708' 

58  .58731; 

59  .58755 

60  .58779 

Cosin  1 


.81915, 

.81899 

.81882 

.81865 

.81848 

.81832 

.81815 

.81798 

.81782' 

.81705 

.81748, 

.817311 

.81714 

.81098 

.81081 

.81064 

.81647 

.81631 

.81014'! 

.81597  . 

.81580. 

.81563 

.81546 

.81530 

.81513! 

.81496 

.81479. 

.81463: 

.81445 

.81428! 

.814121 

.81395' 

.81378 

.81361' 

.81344 

.81327; 

.81310 

.81293 

.81270 

.81259 

.81225' 

.81208 

.81191 

.81174' 

.811571 

.81140 

.81123  j 

.81106 

.81089 

.81072  ' 

.81055  ! 

.81038 

.81021 

.810(V1 

.80987 

.80970 

.809r);J 

.809.%  . 

.8(V.n9 

.80902,1 

Sine 


64< 


58779' 

58802 

58820 

58W9 

58873 

58890 

58920 

5894:3 

58907 

58990 

59014' 

59037' 
590(51 ! 
59084 
59108' 
59131 1 
5915.4; 
59178 
59201 

59248 

59272* 

59295 

59318 

59342 

59305 

59389 

59412 

594iJ6 

59459' 

59482. 

591506 

59529 

59552' 

59570: 

59599, 

59r>40 
59069 

59716 

59739' 

59703 

5978(5 

5<)809 

59832' 

59850 

59879 

59902 

59926 

59949 

59972 

59995 

(50019 

60042 

000(55 

(5<X>89 

(50112 

001^5, 

(51^158 

00182 

Cosin  i 


87< 


63c 


80902 

80885 

80867 

80850 

80833 

80816  I 

80799  I 

80782  ' 

807(55  I 

80748 

80730 

80713 

80090 

80079 

80002' 

80044 

80027 

80010 

80593 

80570 

80558 

8a*>41 
8052-4 
80507 
80489 
80472 
80455 
80438 
80420 
80403 
80380 

8a368 
80;i51 
803:U  I 
80310  ; 
81)299 
80282  ■ 

mun  . 

80247 
8<w:w 
80212  ; 

80195  • 
80178 
80100 
80143, 
80125  : 
80108  I 
80091 
80073  ■ 
80050  ■ 
800.'i8 

80021 

8(XK)3 

79<W0 

7\mM 

7<M)51 

799:U 

7991(5 

79899 

79881  , 

798(54  , 

Sine 

-  I 
II 


Sine 

00182 
60205 
60228 
60251 
00274 
0O298 
00:321 
60a44 
00307 
00390 
00414 


38« 


00437 
00400' 


60483 


60500 

60529! 

60553 

60570 

60599 

6(X522 

60645| 

60668 

60691 

60714 

60738 

60761 

60784 

60807' 

00830 

60853 

60876; 

60899 ' 

60922' 

60945 

00908 

00991' 

01015 

010138 

010(51 

01081 

01107 

01130' 

01153 

61170 

01199 

0122-2 

01245 

612CS 

01291 

01314 

01:337 

01300 
Oi;3S:3 
0140(5 
01 129 
01451 
01474 
01497 
01520 


Cosin 

.79864 
.79846 
.79829 
.79811 
.79793 
.79776 
.79758 
.79741 
.79723 
.79700 
.79688 

.79071' 
.79053 
79635, 
79618' I 
79600' 
79583, 
79505'! 
79547  I 
79530 


r9512 


.79494 

.79477 

.79459 

.79441 

.79424 

.79400 

.79388 

.79371: 

.79353 

.79336 

.79318 

.79300' 

.79282' 

.79204 

.79247 

.79229 

.79211 

.7911K3 

.79170 

. 79158 _ 

.79140' 

.79122 

.79105 

.79087' 

.790(59, 

.79051' 

.790:33 

.79010 

.789f)8 

.78980 

.78902 
.78^14 
.785)20 
.78908 
.  7^^891 
.78873 
.788.55 
.78K37 


01543  .78819 
01 5(50,.  78801' 

Cosin ,  Sine 


Sine 

01500 
61589 
61612 
61635 
61058 
01(581 
61704 
61720 
01749 
01772 
61795 

61818! 

61841 1 

(il864 

61887, 

61909' 

619:32 

61955 

61978 

62001 

62024 


Cosin 

.78801 

1 .  7878:3 

.78766; 

.78747' 

.78729 

.78711 

.78694 

.78676 

.78658 

,.78640 

1.78622 

.7«604' 

.78586 

.78568 

.78550 

.78532 

.78514 

.78490 

.78478 

.78460 

.78142 


89' 


^inc>^  Cosin 

.62932 
.62955 
.62977 
.63000 
.63022 
.63045 
.63068 
.63090 
.63118 
.68135 
.63158 


62046 

62069 

62002 

62115 

62138' 

62160 

62183 

62206 

62229 

62251 

62274 

62297 ! 

62320 

62342 

62365' 

62388 

62411 

624:3:3 

62450 

02479 

62502' 

02521 

02547 

02570, 

02592 

(52015 

02038 

02000 

02(58:3 

02700 

62728' 

02T51 

(52774 

()27'.H5 

02819 

02842 

(528«U 

02887 

(52909 

(52iK32 


.78424 
.78405 
.78887 
.78369 
.78861 
.78883 
.78315 
.78297 
.78279 
.78261 

.78248 
.78225 
.78206 
.78188,' 
.78170 
.78152  ■ 
.78134 
.78116  , 
.78098  ' 
.78079  ' 


.63180 

.63203 

.63225 

.63248 

.63271 

.63293 

'.63816 

i  .63888 

j  .68861 

'.68883 

.68406 
,.68428 
.68461 
.63473 
1 .68496 
.68518 
.63540 
.63568 
.63686 
.68606 


.78061 
.78043 
.78025 
.78007 
.77988 
.77970 
.77952 
.779*4 
.77916 
.77897 

.77879 
.77861 
.7784:3 
.77824 
.7780(5 
.77788 

.7rr69 

.  I «  ll>l 

.77738 
.77715 


.77715  60 
.  77696  i  59 
.77678158 
.77B60i  57 
56 


55 
54 


.77641 
.77688 
.77606 
.77586  63 
.77668152 
.77560  61 
.77581  60 


I 


.77513 
.77494 
.77478 
.77468 
.77489 
.77421  44  I 
.77402'  43 
.77384142  ' 


49 

48, 

47: 

46 

45 


.77866 
.77847 


41 
40 


.77829  89 
.77810  88 
.77292!  87 
.77278;  86 
.77865:85 
.77286184 
.77218!  88 
.77199  88 
.77181 
.77162 


.68680 

.68658 

.68675' 

.68698; 

.68720! 

.63742: 

.63765! 

.63787' 

.63810  . 

.63882 

'.63864'. 

.68877  , 
1.68899  . 
1.68922', 
;. 68944  . 
'.63966  , 

.68969,. 
1. 64011 1, 

.&4083'. 

.64066. 

.64076 

.64100 
'  .&4128! 

.64146  . 

.&4167'. 
;  .&4190 
'  .W212  . 

.64284  . 
'.64256  . 

.W279:. 


.77144 
.77125 

.rno7 

.77068 

.77070 

7051 

rross 

T7014 
76996 
76977 

70960 
6940 
76921 
76908 
76884 
76866 
76847 
76888 
76810 


81 
80 


80 
28 
27 
86 
25 
24 
28 
88 
21 
80 

19 
18 
17 
16 
16 
14 
18 
18 
11 


76701  10 


62< 


'I 


Cosin  I  Sine 
~6V 


78778 

6754 

.76785 

6608 
76679 
76661 
76642 
76628 
76604 


Cosin  I  Sine 
50^ 


8 
7 
8 
6 

4 
8 
8 
1 
0 


Table  x.-sines  and  cosines. 
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8008 

sa.02l7 

S946 

93.0085 

!onoa 

90.4033 

0093 

88.1438 

34 

7151 

048aa 

ai:so5B 

:oas79     6 

8762 

91 

40 

03910 

04658 

.06406      5 

.01103 

83.!M,% 

0273 

5340 

43 

.ouss 

S1.84T0 

K9fl8 

K 

3935 

W716 

.■08487    i; 

4688 

43 

!oi«o 

3354 

45 

.01309 

76:3900 

7303 

20:8188 

ioawi    15 

3571 

.(1338 

BOM 

4S18 

0(833 

.06584      IS 

1893 

47 

1232 

48 

'.ovm 

^Ofi 

20:4465 

49 

.0H85 

7o:isa3 

ai 

M84 

20,3263 

:oefl7i    14 

B898 

88,7501 

03301 

81 

04949 

20,S0B6 

9344 

.01  »t 

67,4019 

yssw 

01^ 

8S96 

53 

3C 

6833 

0WW7 

i»:9;o2 

:0fl759     U 

7964 

33388 

0503T 

19,8646 

7317 

83:0507 

05086 

!oieoo 

8823 

15D96 

5e 

.OlflBO 

61:3839 

6245 

IB:SI56 

:0687S     14 

5138 

60.3053 

33405 

»153 

19,4061 

,06905       J 

4823 

'.mm 

S9,aS69 

19,2959 

4212 

M 

.01710 

tR.tms 

[0483 

60 

.01740 

BTanoo 

ffi4IH_ 

2H6368|| 
Tang     ;c 

I 

Cntttbg 

Tang  ■    L 

OKmB' 

Tang 

CotaBglT 

"B 

89"           U 

B8°           ,1 

87-           ! 

86° 
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Tang  Cotang 


.06993 
.07022 
.07051 
8,  .07080 
4;  .07110 
5  .07139 


.07168 

.07197 

81  .07227 

9  .07256 

10  .07285 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
SO 


.07314 
.07344 
.07373 
.07403 
.07431 
.07461 
.07490 
.07519 
.07548 
.07578 

.07607 
.07636 
.07665 
.07695 
.07724 
.07753 
.07782 
.07812 
.07841 
.07870 


83 
84 
85 
86 
87 
88 
39 
40 


4"^ 

#8 
49 
50 


51 
52 

]53 
'64 


81  .07899 
82,  .07929 


.07958 
.07987 
.08017 
.08046 
.08075 
.08104 
.08134 
.08163 


41  .08192 

42  .08221 

43,  .08251 

44,  .08280 
45  .08309 
46!  .08339 


.0a368 
.08397 
.08427 
.08456 


08485 
.OR-iH 
.08544 
.0K')73 
55:  .08602 
56'  .08632  i 
57:  .08(5<U  I 

58  .mm 

59  .08720  I 

60  .08749  ' 


4.3007 
4.2411 
4.1821 
4.1235 
4.0655 
4.0079 
3.9507 
3.8940 
3.8378 
3.7821 
3.7267 

3.6719 
3.6174 
3.5634 
3.5098 
4566 
4039 
3515 
2996 
3.2480 
3.1969 

3.1461 
3.0958 
3.0458 
2.9962 
2.9469 
2.8981 
2.8496 
2.8014 
2.7536 
2.7062 

2.6591 
2.6124 
2.5660 
2.5199 
2.4742 
2.4288 
2.3838 
2.a390 
2.2946 
2.2505 

2.2067 
2.1632 
2.1201 
2.0772 
2.0346 
9923 
9504 
9087 
8673 
1.8262 

1.7853 
1.7448 
1.7045 
1.66-45 
1.6218 
1.58.53 
l.r>461 
1  5072 
1.4r)W) 

i.4;k)i 


->  1: 

I 


• 


Cotang     Taug      Cotaiig  1    Taii^ 


JTang 

.08749 
.08778 
.08807 
.08837 
.08866 
.08895 
.08925 
.08954 
.08983 
.09013 
.09042 

.09071 
.09101 
.09130 
.09159 
.09189 
.09218 
.09247 
.09277 
.09306 
.09335 

.09365 
.09394 
.09423 
.0(M53 
.09482 
.09511 
.09541 
.09570 
.09600 
.09629 

.09658 
.09688 
.09717 
.09746 
.09776 
.09805 
.09834 
.09864 
.09893 
.09923 

.09a53 
.09981 

.10011  I 

.10040  I 

.10069  I 

.10099  ' 

.10128  I 

.10158  I 

.10187  I 
.10216 

.105M6 
.10275 
.10305 
.10;i34 

.10:^6:^ 
.io;«w 
.10122 

.10452 
.10481 
.10510 


Cotang 


11.4301 
11.3919 
11.3540 
11.3163 
11.2789 
11.2417 
11.2048 
11.1681 
11.1316 
11.0954 
11.0594 

11.0237 
10.9882 
10.9529 
10.9178 
10.8829 
10.8483 
10.8139 
10.7797 
10.7457 
10.7119 

10.6783 
10.6450 
10.6118 
10.5789 
10.5462 
10.5136 
10.4813 
10.4491 
10.4172 
10.3854 

10.3538 
10.3224 
10.2913 
10.2602 
10.2294 
10.1988 
10.1683 
10.1381 
10.1080 
10.0780 

10.0483 
10.0187 
9.98931 
9.96007 
9.93101 
9.90211 
9.87338 
"9.84482 
9.81641 
9.78817 

8.76009 
9.73217 
9.7(V441 
9.67680 
9.6-1935 
9.62205 
9.594{)0 
9.5(5791 
9  M106 
9.511.% 


6" 


Tang  Cotang 


.10510 
.10540 
.10569 
.10599 
.10628 
.10657 
.10087 
.10716 
.10746 
.10775 
.10605 

.10634 
.10863 
.10893 
.10922 
.10952 
.10981 
.11011 
.11040 
.11070 
.11099 

.11128 
.11158 
.11187 
.11217 
.11246 
.11276 
.11305 
.11335 
.11364 
.11394 

.11423 
.11452 
.11482 
.11511 
.11541 
.11570 
.11600 
.11629 
.11659 
.11688 

.11718 
.11747 
.11777 
.11806 
.11836 
.11865 
.11895 
.11924 
.119M 
.11983 

.12013 
.12042 
.12072 
.12101 
.12131 
.12160 
.12190 
.12219 
.12249 
. 12278 

C!<)tang 


9.51436 
9.48781 
9.46141 
9.43515 
9.40904 
9.38307 
9.35724 
9.33155 
9.30599 
9.28058 
9.25680 

9.28016 
0.20516 
9.18028 
9.15554 
9.13098 
9.10646 
9.06211 
9.05789 
9.03879 
9.00983 

8.98598 
8.96227 
8.98867 
8.91520 
8.89185 
8.86862 
8.84551 
8.82252 
8.79964 
8.77689 

8.75425 
8.73172 
8.70931 
8.68701 
8.66482 
8.64275 
8.62078 
8.59893 
8.57718 
8.66665 

F. 58402 
8.51259 
8.49128 
8.47007 
8.44896 
8.42795 
8.40705 
8.38625 
8.36555 
8.34496 

8.32446 
8.30406 
8.28376 
8.26:^55 
8.24345 
8.22344 
8.20352 
8.18370 
8.16:^98 
8.14435 


Tang 


86< 


84° 


83' 


7 

1 

Tang  ■  Cotang 

/ 

.12278 

8.14435 

60 

.12306 

8.12481 

69 

.12:^38 

6.10586 

66 

.12367 

8.06600 

67 

.12897 

8.06674 

66 

.18426 

6.04766 

66 

.12456 

8.03846 

64 

.12486 

8.00948 

58 

.12615 

7.99056 

62 

.12544 

7.97176 

61 

.12674 

7.86802 

50 

.12608 

7.93438 

40 

.12683 

7.91582 

48 

.12662 

7.89784 

47 

.12692 

7.87896 

40 

.12722 

7.86064 

46 

.12751 

7.84242 

44 

.12781 

7.82426 

48 

.12810 

7.60622 

42 

.12640 

7.78625 

41 

.12869 

7.77085 

40 

.12899 

7.75864 

SO 

.12929 

7.78460 

88 

.12958 

7.71716 

87 

.12968 

7.69957 

86 

.18017 

7.68S06 

86 

.18047 

7.66466 

84 

.18076 

7.64788 

88 

.18106 

7.63006 

82 

.18136 

7.61887 

81 

.18166 

7.60676 

80 

.48195 

7.67872 

20 

.18224 

7.66178 

28 

.13264 

7.64487 

27 

.13284 

7.68806 

20 

.18818 

7.51182 

85 

.13848 

7.40466 

24 

.18872 

7.47806 

88 

.18402 

7.46164 

82 

.13432 

7.44500 

21 

.18461 

7.48871 

20 

.18491 

7.41240 

10 

.18621 

7.80616 

18 

.18650 

7.37900 

.18580 

7.86880 

.13609 

7.84786 

.13689 

7.83100 

.13669 

7.81600 

.13696 

7.80018 

.18728 

7.88442 

.18758 

7.86878 

.18787 

7.85810 

.   .13817 

7.28754 

.13846 

7.829M 

.18876 

7.80061 

.18906 

7.10126 

1   .189;« 

7.17SM 

.13965 

7.16071 

.13995 

7.14568 

.140iM 

7.18042 

1     .14054^ 

7.11587 

'  Cotang 

Tang 

/ 

1:             8 

2« 
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"o 

8» 

9° 

IQo 

IV 

/ 
GO 

Tang 
.14054 

Cotang 

Tang 

.15838 

Cotang 

Tang 
.17633 

Cotang 

Tang 
.19438 

Cotang 

7.11537 

6.31375 

5.67128 

5.14465 

1 

.14084 

7.10038 

.15868 

6.30189 

.17663 

6.66165 

.19468 

5.13658 

59 

2 

.14113 

7.08546 

.15898 

6.29007 

.17693 

6.65205 

.19498 

5.12862 

53 

3 

.14143 

7.07059 

.15928 

6.27829 

.17723 

5.64248 

.19529 

6.12069 

57 

4 

.14173 

7.05579 

.15958 

6.26655 

.17753 

5.63295 

.19559 

6.11279 

50 

5 

.14202 

7.04105 

.15988 

6.25486 

.17783 

5.62344 

.19589 

6.10490 

55 

6 

.14232 

7.02637 

.16017 

6.24321 

.17813 

6.61397 

.19619 

5.09704 

64 

7 

.14262 

7.01174 

.16047 

6.23160 

.17843 

5.60452 

.19649 

5.08921 

53 

8 

.14291 

t. 99718 

.16077 

6.22003 

.17873 

6.59511 

.19680 

6.06139 

53 

9 

.14321 

6.98268 

.16107 

6.20851 

.17903 

6.58573 

.19710 

5.07360 

51 

10 

.14351 

6.96823 

.16137 

6.19703 

.17933 

5.57638 

.19740 

5.06584 

5J 

11 

.14381 

6.95385 

.16167 

6.18559 

.17963 

5.56706 

.19770 

5.05809 

49 

12 

.14410 

6.93952 

.16196 

6.17419 

.17993 

5.55777 

.19801 

5.05037 

43 

13 

.14440 

6.92525 

.16226 

6.16283 

.18023 

5.54851 

.19831 

5.04267 

47 

14 

.14470 

6.91104 

.16256 

6.15151 

.18053 

5.53927 

.19861 

5.03499 

46 

15 

.14499 

6.89688 

.16286 

6.14023 

.18083 

5.53007 

.19891 

5.02734 

45 

16 

.14529 

6.88278 

.16316 

6.12899 

.18113 

5.52090 

.19921 

5.01971 

41 

17 

.14559 

6.86874 

.16346 

6.11779 

.18143 

5.5U76 

.19952 

6.01210 

43 

18 

.14588 

6.85475 

.16376 

6.10664 

.18173 

5.50264 

.19982 

5.00451 

42 

19 

.14618 

6.81082 

.16405 

6.09552 

.18203 

5.49356 

.20012 

4.99695 

41 

20 

.14648 

6.82694 

.16435 

6.08444 

.18233 

5.48451 

.20042 

4.98940 

40 

21 

.14678 

6.81312 

.16465 

6.07340 

.18263 

5.47548 

.20073 

4.98188 

30 

22 

.14707 

6.79936 

.16495 

6.06240 

.18293 

6.46648 

.20103 

4.97438 

38 

23 

.14737 

6.78564 

.16525 

6.05143 

.18323 

5.45751 

.20133 

4.96690 

37 

24 

.14767 

6.77199 

.16555 

6.04051 

.18353 

6.44857 

.20164 

4.95945 

86 

25 

.14796 

6.75838 

.16585 

6.02962 

.18384 

5.43966 

.20194 

4.95201 

35 

26 

.14826 

6.74483 

.16615 

6.01878 

.18414 

5.43077 

.20224 

4.94460 

34 

27 

.14856 

6.73133 

.16645 

6.0079^ 

.18444 

6.42192 

.20254 

4.93721 

33 

28 

.14886 

6.71789 

.16674 

5.99720 

.18474 

6.41309 

.20285 

4.92984 

^ 

29 

.14915 

6.70450 

.16704 

5.98646 

.18504 

5.40429 

.20315 

4.92249 

31 

30 

.14945 

6.69116 

.16734 

6.97576 

.18534 

5.89552 

.20346 

4.91516 

SO 

31 

.14975 

6.67787 

.16764 

5.96510 

.18564 

6.38677 

.20376 

4.90785 

29 

32 

.15005 

6.66463 

.16794 

5.95448 

.18594 

6.37805 

.20406 

4.90056 

28 

33 

.15034 

6.65144 

.16824 

6.94390 

.18624 

5.36936 

.20436 

4.89330 

27 

34 

.15064 

6.63831 

.16854 

5.9;i3,35 

.18654 

6.36070 

.20466 

4.88605 

26 

35 

.15094 

6.62523 

.16884 

5.92283 

.18684 

5.35206 

.20497 

4.87882 

25 

36 

.15124 

6.61219 

.16914 

5.91236 

.18714 

6.34345 

.20527 

4.87162 

24 

37 

.15153 

6.59921 

.16944 

5.90191 

.18745 

5.33487 

.20557 

4.86444 

23 

38 

.15183 

6.58627 

.16974 

5.89151 

.18775 

6.32631 

.20588 

4.85727 

22 

39 

.15213 

6.57339 

.17004 

5.88114 

.18805 

5.31778 

.20618 

4.85013 

21 

40 

.15243 

6.56066 

.17033 

5.87080 

.18835 

6.30928 

.20648 

4.84300 

20 

41 

.15272 

6.54777 

.17063 

5.86051 

.18865 

5.30080 

.20679 

4.83590 

19 

42 

.15302 

6.53503 

.17093 

5.85024 

.18895 

5.29235 

.20709 

4.82882 

18 

43 

.15332 

6.52234 

.17123 

5.840C1 

.18925 

5.28393 

.20739 

4.82175 

17 

44 

.15362 

6.50970 

.17153 

5.82982 

.18955 

5.27553 

.20770 

4.81471 

16 

45 

.15391 

6.49710 

.17183 

5.81966 

.18986 

5.26715 

.20800 

4.80769 

15 

46 

.15421 

6.48456 

.17213 

5.80953 

.19016 

5.25880 

.20830 

4.80068 

14 

47 

.15451 

6.47206 

.17243 

5.79944 

.19046 

5.25048 

.20861 

4.79370 

18 

48 

.15481 

6.45961 

.17273 

5.78938 

.19076 

5.24218 

.20891 

4.78673 

12 

49 

.15511 

6.44720 

.173a3 

5.77936 

.19106 

5.23391 

.20921 

4.77978 

11 

50 

.15540 

6.43484 

.17333 

5.76937 

.19136 

5.22566 

.20952 

4.77286 

10 

51 

.15570 

6.42253 

.17363 

5.75941 

.19166 

5.21744 

.20982 

4.76595 

9 

52 

.15600 

6.41026 

.17393 

5.74949 

.19197 

5.20925 

.21013 

4.75906 

8 

53 

.15630 

6.39804 

.17423 

5.73960 

.19227 

5.20107 

.21043 

4.75219 

7 

54 

.15660 

6.38587 

.17453 

5.72974 

.19257 

5.19293 

.21073 

4.74534 

6 

55 

.15689 

6.37374 

.17483 

5.71992 

.19287 

5.18480 

.21104 

4.73851 

6 

56 

.15719 

6.36165 

.17513 

5.71013 

.19317 

5.17671 

.21134 

4.73170 

4 

57 

.15749 

6.34961 

.17543 

5.70a37 

.19347 

5.16863 

.21164 

4.72490 

3 

58 

.15779 

6.33761 

.17573 

5.69064 

.19378 

5.16058 

.21195 

4.71813 

2 

59 

.15809 

6.32566 

.17603 

5.68094 

.19408 

5.15256 

.21225 

4.71137 

1 

60 

/ 

15838 
Cotang 

6.31375 

.17633 
1  Cotang 

5.67128 
Tang 

.19438 

5.14455 

.21256 
Cotang 

4.70463 

0 

Tang 

Cotang 

Tang 

Tang 

sv 

go* 

79»           ! 

78»          1 

398 


TABLE  XU.-TANGENTS  AND  COTANGENTS. 


"o 

12*'           1 

18«» 

14*           1 

16« 

60 

Tang 

Cotang 

Tang 
.23087 

Cotang 

Tang 

Cotang 

Tang  1  Cotang 

.21256 

4.70463 

4.33148 

.24933 

4.01078 

.26795 

8.73205 

1 

.21286 

4.69791 

.23117 

4.32573 

.24964 

4.00582 

.26826 

8.72771 

591 

2 

.21316 

4.69121 

.23148 

4.32001 

.24995  :  4.00086 

.26857 

8.723:i3 

53 

3 

.21347 

4.68452 

.23179 

4.31430 

.25026  ,  3.99592 

.26888 

3.71907 

67 

4 

.21377 

4.67786 

.23209 

4.30860 

.25056  i  3.99099 

.26920 

3.71476 

56 

5 

.21408 

4.67121 

.23240 

4.30291 

.25087 

8.98607 

.26951 

3.71046 

55 

6 

.21438 

4.66458 

.23271 

4.29724 

.25118 

8.98117 

.26962 

8.70616 

&4 

7 

.21469 

4.65797 

.23301 

4.29159 

.25149 

3.97627 

.27013 

8.70188 

53 

8 

.21499 

4.65138 

.23332 

4.28595 

.25180 

3.97139 

.27044 

3.69761 

62 

9 

.215£9 

4.64480 

.23363 

4.28032 

.25211 

8.96651 

.27076 

3.69335 

51 

10 

.21560 

4.63825 

.2S;i93 

4.27471 

.25242 

3.96165 

.27107 

3.08909 

50 

11 

.21590 

4.63171 

.23424 

4.26911 

:2'i273 

3.95680 

.27136 

3.68485 

49 

12 

.21621 

4.62518 

.23455 

4.26352 

.25304 

3.95196 

.2';i09 

3.68061 

48 

13 

.21651 

4.61868 

.23485 

4.25795 

.25335 

3.94713 

.27201 

3.07638 

47 

14 

.21682 

4.01219 

.23516 

4.25239 

.25366 

8.94232 

.27232 

8.07217 

46 

15 

.21712 

4.60572 
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Cotang 


.42816 
.42726 
.42638 
.42550 
.42462 
.42374 
.42286 
42198 
.42110 
.42022 
.41934 

.41847 
.41759 
.41673 
.41584 
.41497 
.41409 
.41322 
.41235 
.41148 
.41061 

.40974 
.40687 
.40600 
.40714 
.40627 
.40540 
.40464 
.40367 
.40281 
.40196 

.40109 
.40022 
.39936 
.39660 
.39764 
.39679 
.39593 
.39507 
.39421 
.39336 

.39260 
.39166 
.39079 
.36994 
.36909 
.38824 
.38738 
.38653 
.38568 
.38484 

.36399 
.38314 
.38229 
.36146 
.38060 
.37976 
.37891 
.37807 
.37722 
.87638 

Tang 


64« 


t 


TABLE  XII. -TANGENTS  ASD  COTANUESTS. 


';_TiinB  |  CnCnng  I-  Tail);    _ 


.mm 

.73010 
.13100 

.mu 

.73189 

!l3333 
.73308 
.73413 

!;3503 


1.3T31S 
lisTOM 


1..W71B 
1.301133 
1.9HSI9 


1.31323 
1.34»S 
1.311110 


.i!TM4 

.3701 

.81037 

.Ttusa 

.Bioro 

/JiTBI 

.811^3 

.■jams 

.uiin 

.pu 

.81:a] 

.7811U 

.8iai8 

.■WR7 

!a74!J8 

.a73!« 

!t«51 

.KWW 

:bi«3 

.7SK« 

LlTliW 

.81  Ml 

^TNUIW 

i!ir7iJ77 

!8ir>Gti 

.TH7BB 

i.inoui 

.818011 

.TWNU 

.810^5 

.TWai 

ilanrj 

!8  7I^ 

Itmwh 

LSttJlW 

.S>S» 

.wra 

.T!KWJ 

lISGMU 

l.SWTl 

:bsw 

i.aeana 

.BIflK 

iHaosni 

.BSUl 

,.,■;, 

raouio 

!kus7 

1  :™iu 

i:s3Hfl7 

.msffi 

,T1III« 

Lssrw 

.ESSffi 

.rosii 

1.85717 

.asm 

.wm 

l.SS6« 

.BSIW 

.nxwi 

"™T31 

:>!M17 

!l«!llli9 

.TirMi 

aosja 

.mm 

.r»ys 

.ssaw 

.TiMIT 

.TiHiai 

.tma 

rSS 

I'^m 

.R»ffl 

.rairs 

isviTi 

^KaiOQ 

^HCIM 

'••fjn 

!-it:l?.-> 

■""" 

!.->c-r 

!M3il5 

.33190    t 
.S3133    1 

.anoso  1 


.SIBM    ! 

.91811    1 
.31743    I 


.31310  I 

.313»  i 

.3III»  i 

.9I0M  1 

.3I0S3  1 

.3QBI  ) 


TABLE  Xn.-TANGENTS  AND  COTANGENTS. 


"o 

40° 

1           41°            ! 

42°           I 

43° 

60 

Tang 
.&%10 

Cotang 

Tang 
.86929 

Cotang 

Tang 
.90040 

Cotang 

Tang 
.93252 

1  Cotang 

1.19175 

1.15037  1 

1.11061 

1.07237 

1 

.83960 

1.19105 

.86980 

1.14969 

.90093 

1.10996 

.93306 

1.07174 

69 

2 

.84009 

1.19035 

.87031 

1.14902  ! 

.90146 

1.10931 

.93360 

1.07112 

58 

S 

.81059 

1.18964 

.87082 

1.14834  ! 

.90199 

1.10867 

.93415 

1.07049 

W 

4 

.84108 

1.188W 

.87133 

1.14767  i 

.90261 

1.10802 

.93469 

1.06087 

56 

6 

.84158 

1.18824 

.87184 

1.14699 

.90304 

1.10737 

.93524 

1.06926 

55 

6 

.84208 

1.18754 

.87236 

1.14632 

.90357 

1.10672 

.93578 

1.06862 

54 

7 

.84258 

1J8684 
1^8614 

.87287 

1.14565 

.90410 

1.10607 

.93633 

1.06800 

63 

8 

.8430'J' 

.87338 

1.14498 

.90463 

1.10543 

.93688 

1.06738 

62 

9 

.84357 

1.18544 

.87389 

1.144;30 

.90516 

1.10478 

.93742 

1.06676 

61 

10 

.84407 

1.18474 

.87441 

1.14363 

.90569 

1.10414 

.93797 

1.06613 

50 

11 

.84467 

1.18404 

.87492 

1.14296 

.90621 

1.10349 

.93852 

1.06561 

t 

12 

.84507 

1.18334 

.87543 

1.14229 

.90674 

1.10285 

:   .93906 

1.06489 

13 

.84556 

1.18264 

.87595 

1.14162 

.90?27 

1.10220 

!   .93961 

1.06427    47 

14 

.84606 

1.18194 

.87646 

1.14095  i 

.90781 

1.10150 

.94016 

1.06365  ;46 

15 

.84656 

1.18125 

.87698 

1.14028  ' 

.90834 

1.10091 

.94071 

1.06803  145 

16 

.84706 

1.18055 

.87749 

1.13901 

.90887 

1.10027 

.94125 

1.06241  144 

17 

.84756 

1.17986 

.87801 

l.l;3894 

.90940 

1.09963 

.94180 

1.06179  l43 

18 

.84806 

1.17916 

.87852 

1.13828  ' 

.90993 

1.09899 

.94235 

1.06117  l42 

19 

.84856 

1.17846 

'■   .87904 

1.13701  ! 

.91040 

1.09&34 

.94290 

1.06066 

41 

20 

.84906 

1.17777 

'   .87955 

1.13094 

.91099 

1.09770 

1   .94345 

1.06994 

40 

21 

.84956 

1.17708 

.88007 

1.13627 

.91153 

1.09706 

.94400 

1.05932 

39 

22 

.85006 

1.17638 

.88059 

1.1:3501 

.91206 

1.09642 

.94455 

1.06870 

88 

23 

.  85057 

1.17509 

.88110 

1.13494 

.91259 

1.09578 

.94510 

1.06809  137 

24 

.85107 

1.17500 

.88102 

1.13428 

.91313 

1.09514 

.94565 

1.06747 

36 

25 

.85157 

1.17430 

.88214 

1.13361 

.91366 

1.09450 

.94620 

1.06685 

36 

26 

.86207 

1.17361 

.88205 

1.13295 

.91419 

1.09386 

1   .94676 

1.06624 

34 

27 

.85257 

1.17292 

.88317 

l.i:i228 

.91473 

1.09322 

.94781 

1.05562 

33 

28 

.85308 

1.17223 

.88309 

1.13102  1 

.91526 

1.09258 

.94786 

1.05601  |32 

29 

.85358 

1.17154 

.88421 

l.i;i090 

.91580 

1.09195 

.94841 

1.05439    31 

30 

.85408 

1.17085 

.88473 

1.13029 

.91033 

1.09131 

.94896 

1.05378 

30 

31 

.85458 

1.17016 

.88524 

1.12903 

.91087 

1.09067 

.94952 

1.05317 

29 

32. 

.85509 

1.10947 

.88576 

1.12897 

.91740 

1.09003 

.95007 

1.05255 

38 

33 

.85559 

1.10878 

.88628 

1.12831 

.91794 

1.08940 

.95062 

1.06194 

27 

34 

.85609 

1.10809 

.88680 

1.12705  ! 

.91847 

1.08876 

.95118 

1.06133 

26 

35 

.85660 

1.16741 

.88732 

1.12099 

.91901 

1.08813 

.95173 

1.05072 

25 

36 

.85710 

1.16072 

.88784 

1.12033 

91955 

1.08749 

.95229 

1.06010 

24 

37 

.85761 

1.10603 

.88836 

1.12507 

.92008 

1.08686 

.95284 

1.04949 

23 

38 

.85811 

1.16535 

.88888 

1.12501 

.920g2 

1.08622 

.95340 

1.04888 

22 

39 

.85862 

1.10406 

.88940 

1.12435 

.92116 

1.08559 

.95395 

1.04827 

21 

40 

.85912 

1.16398 

.88992 

1.12369 

.92170 

1.08496 

.95451 

1.04766 

20 

41 

.85963 

1.16329 

.89045 

1.12303 

.92224 

1.08432 

.95506 

1.04705 

19 

42 

.86014 

1.10261 

.89097 

1.12238 

.92277 

1.08369 

.95562 

1.04644 

18 

43 

.80064 

1.10192 

.89149 

1.12172 

.92331 

1.08300 

.95618 

1.04683 

17 

44 

.86115 

1.10124 

.89201 

1.12106 

.92385 

1.08243 

.95673 

1.04522 

16 

45 

.86166 

i.ioa">6 

.892.53 

1.12041 

,   .92439 

1.08179 

.95729 

1.04461 

15 

46 

.86216 

1.15987 

.89306 

1.11975 

.92493 

1.08110 

.95785 

1.04401 

14 

47 

.86207 

1.15919 

.893.58 

1.11909 

.92547 

1.08053 

!   .95841 

1.04340 

13 

48 

.86318 

1.15851 

.89410 

1.11844 

■   .92601 

1.07990  i 

.95897 

1.04279 

18 

49 

.8(J3t)8 

1.15783 

.89403 

1  11778 

.92655 

1.07927 

.95952 

1.04218 

11 

50 

.86419 

1.15715 

.89515 

1.11713 

.92709 

1.07864 

.96008 

1M158 

10 

51 

.86470 

1.1.5647 

.89567 

1.11648 

.92763 

1.07801 

.96064 

1.04097 

9 

52 

.  86^521 

1 .  15.579 

.89620 

1.11582 

,   .92817 

1.07738  , 

.96120 

1  04036 

8 

53 

.86572 

1.15511 

.89672 

1.11517 

!   .92872 

1.07676  ' 

.96176 

1  03976 

7 

54 

.86023 

1.1544;^ 

.89725 

1.11452 

.92926 

1.07613 

.96232 

1.03916 

e 

55 

.86074 

1.1.5375 

.89777 

1.11387 

.92980 

1.07550  ; 

.96288 

1  03865 

5 

56 

.80725 

1.15308 

.89830 

1.11321 

.93034 

1.07487 

.96344 

1.03794 

4 

57 

.86776 

1.15240 

.89883 

1.11256 

.93088 

1.07425 

.96400 

1.03734 

8 

58 

.86827 

1.15172 

.899.35 

1.11191 

.93143 

1.07362 

.96457 

1.03674 

2 

59 

.86878 

1.15104 

.89988 

1.11126 

.93197 

1.07299 

.96513 

1.03613 

1 

60 

.86929 
Cotang 

1.1.5037 

.90040 
Cotang 

1.11061 

.93252 
Cotang 

1.07237 

.96669 
Cotang 

1.08663 

0 

f 

Tang 

Tang 

Tang 

Tang 

4 

9° 

4 

8° 

4 

7° 

4 

6° 

TABLE  ZIL— TANQEKTS  AND  COTAKQENTS. 


■ 

44° 

20 
29 

ai 

41" 

41 

4S 
M 

I 

M 
66 

50 

1 

60 

44' 

Tane  )  CoUng 

Tftni 

Coung 

Tans 

CotBDg 

D 

S 

S 

u 

i 

311 

.SWISS 
.9fBM 

s 

.BTI89 
.OTSB 

.orrao 

IS 

l.OSSM 

1,02713 
1. 03853 
1.09S93 
1.02533 
1,0*174 

S7 

1 

1 
1 

40 

isfsTO 
,97887 

:E 

.98337 
.08384 

0M176 

oao7 

DIUUS 

ii.wa 

)15M 

ii 

S3 

40 

:a 

33 

33 

30 
M 

as 

il 

.9901B 
.90073 

i 

.9947S 
.(rUS3l> 
.9B6M 
.89863 

.mum 

.9!«t4 
.999W 

Oottng 

^01063 
.0(»M 

rooaw 

is 

ii 
1 

10 

8 

1 
J 

-Mjra-g 

TB«E 

CoWng 

Tang 

■ 

4B° 

45° 

.«• 

TABLE  Xni.-VERSINES  AND  EXSECANTS. 
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f 
0 

()• 

1 

o 

S 

1* 

9 

l<» 

0 

Vers. 

Exsec. 

Vers. 

Exsec. 

Vers. 

Exsec. 

Vers. 

Exsec. 

.00000 

.00000 

.00015 

.00015 

.00061 

.00061 

.00137 

.00137 

1 

.00000 

.00000 

.00016 

.00016 

.00062 

.00062 

.00139 

00139 

1 

2 

.00000 

.00000 

.00016 

.00016 

.00063 

.00063 

.00140 

.00140 

2 

8 

.00000 

.00000 

.00017 

.00017 

.00064 

.00064 

.00142 

.00142 

3 

4 

.00000 

.00000 

.00017 

.00017 

.00065 

.00065 

.00143 

.00143 

4 

6 

.00000 

.00000 

.00018 

.00018 

.00066 

.00066 

.00145 

.00145 

5 

6 

.00000 

.00000 

.00018 

.00018 

.00067 

.00067 

.00146 

.00147 

6 

7 

.00000 

.00000 

.00019 

.00019 

.00068 

.00068 

.00148 

.00148 

7 

8- 

.00000 

.00000 

.00020 

.00020 

.00069 

.00069 

.00150 

.00150 

8 

9 

.00000 

.00000 

.00020 

.00020 

.00070 

.00070 

.00151 

.00151 

9 

10 

.00000 

.00000 

.00021 

.00021 

.00071 

.00072 

.00153 

.00153 

10 

11 

.00001 

.00001 

.00021 

.00021 

.00073 

.ooors 

.00154 

.00155 

11 

12 

.00001 

.00001 

.00022 

.00022 

.00074 

.00074 

.00156 

.00156 

12 

13 

.00001 

.00001 

.00023 

.00023 

.00075 

.00075 

.00158 

.00158 

13 

14 

.00001 

.00001 

.00023 

.00023 

.00076 

.00076 

.00159 

.00159 

14 

15 

.00001 

.00001 

.00024 

.00024 

.00077 

.00077 

.00161 

.00161 

15 

16 

.00001 

.00001 

.00024 

.00024 

.00078 

.00078 

.00162 

.00163 

16 

17 

.00001 

.00001 

.00025 

.00025 

.00079 

.00079 

.00164 

.00164 

17 

18 

.00001 

.00001 

.00026 

.00026 

.00081 

.00081 

.00166 

.00166 

18 

19 

.00002 

.00002 

.00026 

.00026 

.00082 

.00082 

.00168 

.00168 

19 

20 

.00002 

.00002 

.00027 

.00027 

.00083 

.00083 

.00169 

.00169 

20 

21 

.00002 

.00002 

.00028 

.00028 

.00084 

.00084 

.00171 

.00171 

21 

22 

.00002 

.00002 

.00028 

.00028 

.00085 

.00086 

.00173 

.00178 

22 

23 

.00002 

.00002 

.00029 

.00029 

.00087 

.00087 

.00174 

.00175 

23 

24 

.00002 

.00002 

.00030 

.00030 

.00088 

.00088 

.00176 

.00176 

24 

25 

.00003 

.00003 

.00031 

.00031 

.00089 

.00089 

.00178 

.00178 

25 

26 

.00003 

.00003 

.00031 

.00031 

.00090 

.00090 

.00179 

.00180 

26 

27 

.00003 

.00003 

.00032 

.00032 

.00091 

.00091 

.00181 

.00182 

27 

28 

.00003 

.00003 

.00033 

.00033 

.00093 

.00093 

.00183 

.00183 

28 

29 

.00004 

.00004 

.00034 

.00034 

.00094 

.00094 

.00185 

.00185 

29 

30 

.00004 

.00004 

.00034 

.00034 

.00095 

.00095 

.00187 

.00187 

30 

31 

.00004 

.00004 

.00035 

.00035 

.00096 

.00097 

.00188 

.00189 

31 

32 

.00004 

.00004 

.00036 

.00036 

.00098 

.00098 

.00190 

.00190 

32 

33 

.00005 

.00005 

.00037 

.00037 

.00099 

.00099 

.00192 

.00192 

83 

34 

.00005 

.00005 

.00037 

.00087 

.00100 

.00100 

.00194 

.00194 

84 

35 

.00005 

.00005 

.00038 

.00038 

.00102 

.00102 

.00196 

.00196 

85 

36 

.00005 

.00005 

.00039 

.00039 

.00103 

.00103 

.00197 

.00198 

86 

37 

.00006 

.00006 

.00040 

.00040 

.00104 

.00104 

.00199 

.00200 

87 

38 

.00006 

.00006 

.00041 

.00041 

.00106 

.00106 

.00201 

.00201 

38 

39 

.00006 

.00006 

.00041 

.00041 

.ooior 

.00107 

.00203 

.00203 

89 

40 

.00007 

.00007 

.00042 

.00042 

.00108 

.00108 

.00205" 

.00205 

40 

41 

.00007 

.00007 

.00043 

.00043 

.00110 

.00110 

.00207 

.00207 

41 

42 

.00007 

.00007 

.00044 

.00044 

.00111 

.00111 

.00208 

.00209 

42 

43 

.00008 

.00008 

.00045 

.00045 

.00112 

.00113 

.00210 

.00211 

43 

44 

.00008 

.00008 

.00046 

.00046 

.00114 

.00114 

.00212 

.00213 

44 

45 

.00009 

.00009 

.00047 

.00047 

.00115 

.00115 

.00214 

.00215 

45 

46 

.00009 

.00009 

.00048 

.00048 

.00117 

.00117 

.00216 

.00216 

46 

47 

.00009 

.00009 

.00048 

.00048 

.00118 

.00118 

.00218 

.00218 

47 

48 

.00010 

.00010 

.00049 

.00049 

.00119 

.00120 

.00220 

.00220 

48 

49 

.00010 

.00010 

.00050 

.00050 

.00121 

.00121 

.00222 

.00222 

49 

50 

.00011 

.00011 

.00051 

.00051 

.00122 

.00122 

.00224 

.00224 

50 

51 

.00011 

.00011 

.00052 

.00052 

.00124 

.00124 

.00226 

.00226 

51 

52 

.00011 

.00011 

.00053 

.00053 

.00125 

.00125 

.00228 

.00228 

52 

53 

.00013 

.00012 

.00054 

.00054 

.00127 

.00127 

.00230 

.00280 

53 

54 

.00012 

.00012 

.00055 

.00065 

.00128 

.00128 

.00232 

.00232 

54 

55 

.00013 

.00013 

.00056 

.00056 

.00130 

.00130 

.00234 

.00234 

55 

56 

.00013 

.00013 

.00057 

.00057 

.00131 

.00131 

.00236 

.00236 

66 

57 

.00014 

.00014 

.00058 

.00058 

.00133 

.00133 

.00238 

.00238 

57 

58 

.00014 

.00014 

.00059 

.000.59 

.00134 

.00134 

.00240 

.00240 

58 

59 

.00015 

.00015 

.00060 

.00060 

.00136 

.00136 

.00242 

.00242 

69 

60 

.00015 

.00015 

.00061 

.00061 

.00137 

.00137 

.00244 

.00244 

60 
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TABLE  XIII.— VERSINES  AND  EXSECANTS. 


/ 

0 

4 

t° 

8 

« 

6 

.0 

7 

0 

0 

Vers. 

Exsec. 

Vers. 
.00381 

Exsec. 

Vers. 

1 

Exsec. 

Vers. 

1 

Exsec. 

.00244 

.00244  ' 

.00382 

.00548 

.00551  1 

.00745 

.00751  ' 

1 

.00246 

.00246  1 

.00:383 

.0038:5 

.00551 

.00554  ! 

.00749 

.00755  1 

1 

2 

.00248 

.00248  ■■ 

.00:386 

.00387  1 

.00554 

.00557 

.00752 

.00758  \ 

2 

3 

.00250 

.00250  , 

.00388 

:00390  ■ 

.005.57 

.00560  1 

.00756 

.00762 

3 

4 

.00252 

.00252  ! 

.00391 

.00392  i 

.00560 

.0056:3 

.00760 

.00765 

4 

5 

.00254 

.00254  , 

.00393 

.00395 

.0056:3 

.00566 

.00763 

.00769 

5 

6 

.00256 

.00257 

.00396 

.00:397 

.CX)560 

.00569  ! 

.00767 

.00773 

6 

7 

.00258 

.00259 

.00398 

.00400  i 

.'J0569 

.00573  . 

.00770 

.00776 

7 

8 

.00260 

.00261 

.00401 

.00403  ; 

.00572 

.00576  i 

.00774 

.00780 

8 

9 

.00262 

.00263 

.00404 

.00405 

.00576 

.00579  ■ 

.00778 

.00784 

9 

10 

.00264 

.00265 

.00406 

.00408 

.00579 

.00582  1 

.00781 

.00787 

10 

11 

.00266 

.00267 

.00409 

.00411 

00582 

.00585  1 

.007a5 

.00791 

11 

12 

.00269 

.00269 

.00412 

.00413 

.00585 

.00588 

.00789 

.00795 

12 

13 

.00271 

.00271 

.00414 

.00416 

.00588 

.00592 

.00792 

.00799 

13 

14 

.00273 

.00274 

.00417 

.00419  1 

.00591 

.00595 

00796 

.00802 

14 

15 

.00275 

.00276 

.00420 

.00421  ■ 

00594 

..00598 

.00800 

.00806 

15 

16 

.00277 

.00278 

.00422 

.00424  . 

.00598 

.00601 

.00803 

.00810 

16 

17 

.00279 

.00280 

.00425 

.00427  ; 

.00601 

.00604 

.00807 

.00813 

17 

18 

.00281 

.00282 

.00128 

.00429 

00604 

.00608  I 

.00811 

.00817 

18 

19 

.00284 

.00281 

.00430 

.00432  ■ 

.0(M507 

.00611 

.00814 

.00821 

19 

20 

.00286 

.00287 

.00433 

.00435  i 

.00610 

.00614 

.00818 

.00825 

20 

21 

.00288 

.00289 

.00436 

.(X)438 

.00614 

.00617  i 

.00822 

.00828 

21 

22 

.00290 

.0021)1 

.00438 

.00440 

.00617 

.00621  : 

.00825 

.00832 

22 

23 

.00293 

.00293 

.00441 

.00443  i 

.00620 

.00624 

.00829 

.00836 

23 

24 

.00295 

.00296 

.00444 

.00446  • 

.00623 

.00(527  ; 

.00833 

.00840 

24 

25 

.00297 

.00298 

.00447 

.00449 

.0002(5 

.00(530  : 

.00837 

.00844 

25 

26 

.00299 

.00300  1 

.00449 

.00451 

.00630 

.00634  : 

.00840 

.00848 

26 

27 

.00301 

.00302  ; 

.00452 

.00454 

.00633 

.00637  j 

.00ftl4 

.00851 

27 

28 

.00304 

.00305  1 

.00455 

.00457 

.00636 

.00640 

.00848 

.00855 

28 

29 

.(mm 

.00307  ; 

.00458 

.004(50 

.00640 

.00644 

.00852 

.00859 

29 

30 

.00308 

.00309 

.00460 

.00163  j 

.00643 

.00647 

1 

.00656 

.00863 

30 

81 

.00311 

.00312 

.00463 

.00465 

.00646 

.00650 

.00859 

.00867 

31 

32 

.00313 

.00314  1 

.00466 

.004(58 

.00649 

.00(554 

.00863 

.00871 

32 

33 

.00315 

.00316 

.00469 

.00471 

.00653 

.aX557 

.00867 

.00875 

38 

34 

.00317 

.00318 

.00472 

.00474  i 

.00656 

.00660 

.00871 

!  .00878 

34 

35 

.00320 

.(xmi 

.00474 

.00177 

.0(X559 

.00664 

.(X)875 

I  .00882 

35 

36 

.00322 

.00323 

.00477 

.00180 

.00(56:3 

.00667 

.00878 

.  .00886 

36 

37 

.00324 

.00326  , 

.00180 

.00482 

.0(K5(56 

.0(X571 

.00882 

i  .00890 

37 

38 

.00327 

.0a328  ■ 

.00183 

.00485  : 

.00669 

.00674 

.00886 

1  .00894 

38 

39 

.00329 

.00330 

.00186 

.00488  , 

.00(573 

.00677 

.(K)890 

■  .00898 

3» 

40 

.00332 

.003:33 

.00489 

.00191  1 

.00676 

.0(X581 

.00894 

.00902 

40 

41 

.00334 

.00335  1 

.00192 

.00494  '■■ 

.00080 

.00684 

.00898 

.00906 

41 

42 

.00336 

.00337 

.00494 

.oam 

.01X583 

.00(588 

.005)02 

.  .00910 

42 

43 

.00339 

.00340  1 

.00497 

.00500 

.0(X586 

.OCX591 

.00906 

!  .00914 

48 

44 

.00311 

.00342  i 

.00500 

.00503 

00690 

.mm 

.00909 

.00918 

44 

45 

.003J8 

.00345  ■ 

.00503 

.OOnOO  ; 

.(X"M5{)3 

.mm 

00913 

.00922 

46 

46 

.00346 

.00347  , 

.00506 

.00509 

.(X1697 

.00701 

;  mm 

1  .00926 

46 

47 

.00348 

.0a350 

.00509 

.0(r)i2  1 

.007(X) 

.(X)705 

'  mm 

.00930 

47 

48 

.00351 

.00352  ' 

.00512 

.00515  , 

.oor(Kj 

.00708 

.(KX«5 

.(X){I34 

48 

49 

.00353 

.OOa'54 

.00515 

.00518 

.()ori)7 

.(H>:i2 

(X>{»29 

.(X)938 

49 

50 

.00356 

.00357  . 

.00518 

.IH).V>1 

.IH)710 

.<X)715 

.(X>9:J3 

.00942 

1 

SO 

51 

.00358 

.00350  . 

.00521 

.00521 

!  .oorti 

.00719 

.00937 

.00946 

51 

52 

.00:^61 

.00:3(52  i 

.00524 

.{m-:7 

.00717 

.0O7v»2 

.(xnui 

.00950 

88 

53 

.003(« 

.003(54 

.00527 

.(K)5:30 

.(H)7-.»l 

.<Xir2(5 

.(XKM5 

.00954 

68 

54 

.0«13()5 

.0(%3()7 

.(X)5:30 

.(X).\3:3 

.«'(C-J1 

.(XC30 

.00<>49 

.00958 

64 

55 

.(X);^68 

.00;i()9  1 

.0«).-.:j:3 

.oo:>:{r) 

.<x)r'is 

.(XTrri 

.0(WJ53 

.00962 

65 

56 

.00.170 

.00:372  ; 

.00r):3(> 

.(Xn-S!* 

(HCil 

.007:37 

.00957 

.00966 

66 

57 

.0(«73 

.{X):J74  . 

.oiK^^g 

.(X)5I2 

.007:15 

.(H)710 

.(X)961 

.00970 

67 

68 

.(XW5 

.00:377 

.00512 

.00515 

.00?:W 

.00714  . 

.(XXX15 

.00975 

68 

59 

.00:^78 

.00-379 

.00.-.J5 

.oo.-.i^ 

,  .ilOTi-J 

.(K»74r 

.(Nnmo 

.00979 

fiO 

60 

.OOWl 

.00383  ' 

.00518 

.•>o:m1 

:  .(K»';i5 

.00751 

.00973 

.00988 

60 

TABLE  Xin.-VERSIKES  AND  EXSECANTS. 


409 


r 
0 

8 

• 

9 

o 

io« 

1] 

o 

9 

Vers. 

Ezsec. 

Vers.. 

Exsec. 

Vers. 

Exsec. 

Vers. 

Exsec. 

.00973 

.00983 

.01231 

.01247 

.01519 

.01543 

.01837 

.01872 

1 

.00977 

.00987 

.01236 

.01251 

.01524 

.01548 

.01843 

.01877 

1 

3 

.00981 

.00991 

.01240 

.01256 

.01529 

.01553 

.01848 

.01883 

2 

3 

.00985 

.00995 

.01245 

.01201 

.01534 

.01558 

.01854 

.01889 

8 

4 

.00989 

.00999 

.01249 

.01265 

.01540 

.01564 

.01860 

.01895 

4 

5 

.00994 

.01004 

.01254 

.01270 

.01545 

.01569 

.01865 

.01901 

5 

0 

.00998 

.01008 

.01269 

.01275 

.01550 

.01574 

.01871 

.01906 

6 

7 

.01002 

.01012 

.01263 

.01279 

.01555 

.01579 

.01876 

.01912 

7 

8 

.01006 

.01016 

.01268 

.01284 

.01560 

.01585 

.01882 

.01918 

8 

9 

.01010 

.01020 

.01272 

.01289 

.01565 

.01590 

.01888 

.01924 

9 

10 

.01014 

.01024 

.01277 

.01294 

.01570 

.01595 

.01893 

.01930 

10 

11 

.01018 

.01029 

.01282 

.01298 

.01575 

.01601 

.01899 

.01936 

11 

12 

.01022 

.01033 

.01286 

.01303 

.01580 

.01606 

.01904 

.01941 

12 

13 

.01027 

.01037 

.01291 

.01308 

.01586 

.01611 

.01910 

.01947 

13 

14 

.01031 

.01041 

.01296 

.01313 

.01591 

.01616 

.01916 

.01953 

14 

15 

.01035 

.01046 

.01300 

.01318 

.01596 

.01622 

.01921 

.01959 

15 

16 

.01039 

.01050 

.01305 

.01322 

.01601 

.01627 

:01927 

.01965 

16 

17 

.01043 

.01054 

.01310 

.01327 

.01606 

.01633 

.01933 

.01971 

17 

18 

.01047 

.01059 

.01314 

.01332 

.01612 

.01638 

.01939 

.01977 

18 

19 

.01052 

.01063 

.01319 

.01337 

.01617 

.01643 

.01944 

.01983 

19 

siO 

.01056 

.01067 

.01324 

.01342 

.01622 

.01649 

.01950 

.01989 

20 

21 

.01060 

.01071 

.01329 

.01346 

.01627 

.01654 

.01956 

.01995 

21 

22 

.01064 

.01076 

.01333 

.01351 

.01632 

.01659 

.01961 

.02001 

22 

23 

.01069 

.01080 

.01338 

.01356 

.01638 

.01665 

.01967 

.02007 

23 

24 

.01073 

.01084 

.01343 

.01361 

.01643 

.01670 

.01973 

.02013 

24 

25 

.01077 

.01089 

.01848 

.01366 

.01648 

.01676 

.01979 

.02019 

25 

28 

.01081 

.01093 

.01352 

.01371 

.01663 

.01681 

.01984 

.02025 

26 

27 

.01086 

.01097 

.01357 

.01376 

.01659 

.01687 

.01990 

.02031 

27 

28 

.01090 

.01102 

.01362 

.01381 

.01664 

.01692 

.01996 

.02037 

28 

29 

.01094 

.01106 

.01367 

.01386 

.01669 

.01698 

.02002 

.02043 

29 

30 

.01098 

.01111 

.01371 

.01391 

.01675 

.01703 

.02008 

.02049 

30 

31 

.01103 

.01115 

.01376 

.01395 

.01680 

.01709 

.02013 

.02055 

31 

32 

.01107 

.01119 

.01381 

.01400 

.01685 

.01714 

.02019 

.02061 

32 

33 

.01111 

.01124  ! 

.01386 

.01405 

.01690 

.01720 

.02025 

.02067 

33 

34 

.01116 

.01128 

.01391 

.01410 

.01696 

.01725  ' 

.02031 

.02073 

34 

35 

.01120 

.01133 

.01396 

.01415 

.01701 

.01731 

.02a37 

.02079 

35 

36 

.01124 

.01137 

.01400 

.01420 

.01706 

.017'36 

.02042 

.02085 

36 

37 

.01129 

.01142 

.01405 

.01425 

.01712 

.01742 

.02048 

.02091 

37 

38 

.01133 

.01146 

.01410 

.01430 

.01717 

.01747 

.02054 

.02097 

38 

39 

.01137 

.01151 

.01415 

.01435 

.01723 

.01753 

.02000 

.021  as 

39 

40 

.01142 

'.01155 

.01420 

.01440 

.01728 

.01758 

.02066 

.02110 

40 

41 

.01146 

.01160 

.01425 

.01445 

.01733 

.01764 

.02072 

.02116 

41 

42 

.01151 

.01164 

.01430 

.01450 

.01739 

.01769 

.02078 

.02122 

42 

43 

.01155 

.01169 

.01435 

.01455 

.01744 

.01775 

.02084 

.02128 

43 

44 

.01159 

.01173 

.01439 

.01461 

.01750 

.01781 

.02090 

.02134 

44 

45 

.01164 

.01178 

.01444 

.01466 

.01755 

.01786 

.02095 

.02140 

45 

46 

.01168 

.01182 

.01449 

.01471 

.01760 

.01792 

.02101 

.oei46 

46 

47 

.01173 

.01187 

.01454 

•01476 

.01766 

.01798 

.02107 

.02153 

47 

48 

.01177 

.01191 

.01459 

.01481 

.01771 

.01803 

.02113 

.02159 

48 

49 

.01182 

.01196 

.01464 

.01486 

.01VV7 

.01809 

.02119 

.02165 

49 

50 

.01186 

.01200 

.01469 

.01491 

.01782 

.01815 

.02125 

.02171 

50 

51 

.01191 

.01205 

.01474 

.01496 

.01788 

.01820 

.02131 

.02178 

51 

52 

.01195 

.01209 

.01479 

.01501 

.01703 

.01820 

.021:37 

.02184 

52 

53 

.01200 

.01214 

.01484 

.01506 

.01799 

.01832 

.02143 

.02190 

53 

54 

.01;J04 

.01219 

.01489 

.01512 

.01804 

.018:37 

.02149 

.02196 

54 

55 

.01209 

.0122:3 

.01494 

.01517 

.01810 

.01843 

.02155 

.02203 

55 

56 

.01213 

.01228 

.01499 

.01522 

.01815 

.01849  ■ 

.02161 

.02209 

56 

57 

.01218 

.01233 

.01504 

.01527 

.01821 

.01854 

.02167 

.02215 

57 

58 

.01222 

.01237 

.01509 

.015;i2 

.01826 

.01860 

.02173 

.02221 

58 

59 

.01227 

.01242 

.01514 

.01537 

.018:32 

.01866 

.02179 

.02228 

59 

60 

.01231 

.01247 

.01519 

.01543 

.01837 

.01872 

.02185 

.02284 

60 

410 
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1 

0 

12' 

13« 

14« 

15<» 

Vers. 

Exsec. 

Vers. 

Ezsec. 

Vers. 

Ezsec. ; 

Vers. 

Ezsec. 

.02185 

.02234 

.02563 

.02630 

.02970 

.03061 

.03407 

.03528 

1 

.02191 

.02240 

.02570 

.02637 

.02977 

.03069 

.08415 

.03586 

1 

2 

.02197 

.02247 

.02576 

.02644 

.02985 

.08076 

.03422 

.06644 

2 

8 

.02203 

.02253 

.025a3 

.02651 

.02992 

.03084 

.06480 

.08562 

8 

4 

.02210 

.02259 

.02589 

.02658 

.02999 

.03091 

.08488 

.08560 

4 

5 

.02216 

.02266 

.02596 

.02665 

.03006 

.03099 

.08445 

.08566 

6 

6 

.02222 

.02272 

.02602 

.02672 

.03013 

.03106 

.03453 

.08576 

6 

7 

.02228 

.02279 

.02609 

.02679 

.03020 

.03114 

.08460 

.08584 

7 

8 

.02234 

.02285 

.02616 

.02686 

.03027 

.03121 

.03468 

.03592 

8 

9 

.02240 

.02291 

.02622 

.02693 

.03034 

.03129 

.03476 

.08601 

9 

10 

.02246 

.02298 

.02629 

.02700 

.03041 

.03137 

.08488 

.08609 

10 

11 

.02252 

.02304 

.02635 

.02707 

.03048 

.03144 

.03491 

.08617 

11 

12 

.02258 

.02311 

.02642 

.02714 

.03055 

.03152 

.03496 

.03625 

18 

13 

.02265 

.02317 

.02649 

.02721 

.03063 

.03159  i 

.03506 

08688 

18 

14 

.02271 

.02323 

.02655 

.02728 

.03070 

.03167 

.03514 

.06642 

14 

15 

.022r7 

.02330 

.02662 

.02735 

.03077 

.03175 

.03521 

.08660 

15 

16 

.02283 

.02336 

.02669 

.02742 

.03064 

.03182 

.08529 

.08666 

16 

17 

.02289 

.02343 

.02675 

.02749 

.03091 

.03190 

.08587 

.08666 

17 

18 

.02295 

.02349 

.02682 

.02756 

.03098 

.03196 

.08544 

.08674 

18 

19 

.02302 

.02356 

.02689 

.03763 

.03106 

.03206 

.08562 

.08688 

19 

20 

.02306 

.02362 

.02696 

.02770 

.03113 

.08218 

.06660 

.06691 

80 

21 

.02314 

.02369 

.02702 

.02777 

.03120 

.08221 

.08567 

.08699 

21 

22 

.02320 

.02375 

.02709 

.027?4 

.03127 

.03226 

.03575 

.08706 

82 

23 

.02327 

.02382 

.02716 

.02791 

.03134 

.03236 

.03688 

.08716 

88 

24 

.02333 

.02388 

.02722 

.02799 

.03142 

.03244 

.08690 

.08724 

84 

25 

.02339 

.02395 

.02729 

.02806 

.03149 

.03251 

.03696 

.08782 

85 

26 

.02345 

.02402 

.02736 

.02813 

.03156 

.03259 

.08606 

.08741 

86 

27 

.02352 

.02408 

.02743 

.02820 

.03163 

.03267 

.08614 

.03749 

87 

28 

.02358 

.02415 

.02749 

.02827 

.03171 

.03275 

.08621 

.08756 

88 

29 

.02364 

.02421 

.02';56 

.02834 

.03178 

.03262 

.03629 

.08766 

80 

30 

.02370 

.02428 

.02763 

.02842 

.03185 

.03290 

.08637 

.08774 

80 

31 

.02377 

.02435 

.02770 

.02849 

.03193 

.03296 

.08645 

.08783 

81 

32 

.02383 

.02441 

.02777 

.02856 

.03200 

.08306 

.03653 

.08791 

88 

33 

.02389 

.02448 

.02783 

.02863 

.03207 

.03313 

.03660 

.08799 

88 

34 

.02396 

.02454 

.02790 

.02870 

.03214 

.03321 

.03668 

.08806 

84 

35 

.02402 

.02461 

.02797 

.02878 

.03222 

.03329 

.03676 

.08816 

35 

86 

.02406 

.02468 

.02804 

.02885 

.03229 

.08337 

.03684 

.08826 

86 

37 

.02416 

.02474 

.02811 

.02892 

.03236 

.08345 

.08692 

.06688 

87 

38 

.02421 

.02481 

.02818 

.02899 

.03244 

.03353 

.03699 

.08642 

88 

39 

.02427 

.02188 

.02824 

.02907 

.03251 

.03360 

.08707 

.08860 

no 

40 

.02484 

.02494 

.02831 

.02914 

.03258 

.03368 

.03715 

.08868 

4J 

41 

.02440 

.02501 

.02838 

.02921 

.03266 

.03376 

.08728' 

.08867 

41 

42 

.02447 

.02508 

.02845 

.02928 

.03273 

.08384 

.08781 

.08875 

48 

43 

.02453 

.62515 

.02852 

.02936 

.03281 

.03392 

.08789 

.08864 

48 

44 

.02459 

.02521 

.02859 

.02943 

.03288 

.03400 

.03747 

.08892 

44 

45 

.02466 

.02528 

.02866 

.02950 

.03295 

.03406 

.03754 

.08901 

45 

46 

.02472 

.02535 

.02873 

.02958 

.03303 

.03116 

.08762 

.08900 

46 

47 

.02479 

.02542 

.02880 

.02965 

.03310 

.03124 

.08770 

.06918 

47 

48 

.02485 

.02548 

.02887 

.02972 

.03318 

.03432 

.08778 

.08987 

48 

49 

.02192 

.02555 

.02894 

.02980 

.03:325 

.03439 

.03786 

.06986 

40 

50 

.02496 

.02562 

.02900 

.02987 

.03333 

.03447 

.03794 

.08944 

50 

51 

.02504 

.02569 

.02907 

.02994 

.03340 

.03455 

.08802 

.08968 

51 

52 

.025U 

.02576 

.02914 

.03002 

.03347 

.03463 

.08610 

.08961 

68 

r,3 

.02517 

.02582 

.02921 

.03009 

i  .08355 

.03471 

.08818 

.08960 

58 

5.1 

.02584 

.02589 

.02928 

.08017 

!  .a3362 

.03479 

.03826 

.03978 

64 

55 

.02530 

.02596 

.02935 

.03024 

.  .ft3370 

.03487 

.03834 

.08967 

65 

50 

.02537 

.02603 

.02942 

.03032 

.08377 

.03495 

.08642 

.03996 

56 

57 

.02543 

.02610 

.02949 

.03039 

.a3385 

.03503 

.08850 

.04004 

57 

58 

.02550 

.02617 

.02956 

.03046 

.03392 

.03512 

.03858 

.04018 

68 

59 

.02556 

.0262i 

.02963 

.03054 

.03100 

.03520 

.08666 

.04021 

50 

60 

.02563 

.02630 

.02970 

.03061 

.  .  034(17 

.03528 

.08874 

.04000 

00 
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411 


0 

ie<» 

17« 

18« 

19* 

0 

Vers. 

Exsec. 

Vers. 

Exsec. 

1 

Vers. 

Exsec. 

Vers. 

Exsec. 

.03874 

.04030 

.04370 

.04569 

.04894 

.05146 

.05448 

.05762 

1 

.08882 

.04039 

.04378 

.04578 

.04903 

.05156 

.05458 

.05773 

1 

2 

.03890 

.04047 

.04387 

.04588 

.04912 

.05166 

.05467 

.05783 

2 

3 

.03898 

.04056 

.04395 

.04597 

.04921 

.05176 

.05477 

.05794 

3 

4 

.03906 

.04065 

.04404 

.04606 

.04980 

.05186  1 

.05486 

.05805 

4 

5 

.03914 

.04073 

.04412 

.04616 

.04939 

.05196  i 

.05496 

.05815 

5 

6 

.03922 

.04062 

.04421 

.04625 

.04948 

.05206  ' 

.05505 

.05826 

6 

7 

.03930 

.04091 

.04429 

.04635 

.04957 

.05216  1 

.06515 

.05836 

7 

8 

.03938 

.04100 

.04438 

.04644 

.04967 

.05226  i 

.05524 

.06847 

8 

9 

.03946 

.04108 

.04446 

.04653 

.04976 

.05286  1 

.05584 

.05858 

9 

10 

.03954 

.04117  ! 

.04455 

.04663 

.04985 

.05246 

.05543 

.05869 

10 

11 

.03963 

.04126 

.04464 

.04672 

.04994 

.05256 

.05553 

.05879 

11 

12 

.03971 

.04135 

.04472 

.04682 

.05003 

.05266  1 

.05562 

.05890 

12 

13 

.039r9 

.04144 

.04481 

.04691 

.05012 

.05276  1 

.05572 

.05901 

13 

14 

.03987 

.04152 

.04489 

.04700 

.05021 

.05286 

.05582 

.05911 

14 

15 

.03995 

.04161 

.04498 

.04710 

.05030 

.05297'  ' 

.05591 

.05922 

16 

16 

.04003 

.04170 

.04507 

.04719 

.05039 

.05307 

.05601 

.05933 

16 

17 

.04011 

.04179 

.04515 

.04729 

.05048 

.05317  i 

.05610 

.05944 

17 

18 

.04019 

.04188 

.04524 

.04738 

.05057 

.05327 

.05620 

.05955 

18 

19 

.04028 

.04197 

.04533 

.04748 

.05067 

.06337 

.05630 

.05965 

19 

ao 

.04036 

.04206 

.04541 

.04757 

.05076 

.06347 

.05639 

.05976 

20 

21 

.04044 

.04214 

.04550 

.04767 

.05085 

.05357 

.05649 

.05987 

21 

22 

.04052 

.04223 

.04559 

.04776 

.05094 

.06367 

.05658 

.05998 

22 

23 

.04060 

.04232 

.04567 

.04786 

.05103 

.05378 

.05668 

.06009 

23 

24 

.04069 

.04241 

.04676 

.04795 

.05112 

.05388  ■ 

.06678 

.06020 

24 

25 

.04077 

.04250 

.04585 

.04805 

.05122 

.06398  1 

.05687 

.06080 

25 

26 

.04085 

.04259 

.04593 

.04815 

.05131 

.06408 

.05697 

.06041 

26 

27 

.04093 

.04268 

.04602 

.04824 

.05140 

.05418  ! 

.05707 

.06052 

27 

28 

.04102 

.04srrr 

.04611 

.04834 

.05149 

.05429  ' 

.05716 

.06063 

28 

29 

.04110 

.04286 

.04620 

.04843 

.05158 

.05439 

.05726 

.06074 

29 

30 

.04118 

.04295 

.04628 

.04853 

.05168 

.05449 

.05736 

.06085 

80 

31 

.04126 

.04304 

.04637 

.04863 

.05177 

.05460 

.06746 

.06096 

81 

32 

.04135 

.04313 

.04646 

.04872 

.05186 

.05470 

.05755 

.06107 

32 

33 

.04143 

.04322 

.04655 

.04882 

.05195 

.05480 

.05765 

.06118 

33 

34 

.04151 

.04331 

.04663 

.04891 

.05205 

.05490 

.05775 

.06129 

34 

35 

.04159 

.04340 

.04672 

.04901 

.05214 

.05501 

.05785 

.06140 

85 

36 

.04168 

.04349 

.04681 

.04911 

.05223 

.05511 

.05794 

.06151 

86 

37 

.04176 

.04358 

.04690 

.04920 

.05232 

.05521 

.05804 

.06162 

87 

38 

.04184 

.04367 

.04699 

.04930 

.05242 

.05532 

.05814 

.06ir3 

88 

39 

.04193 

.04376 

.04707 

.04940 

.05251 

.C5542 

.05824 

.06184 

39 

40 

.04201 

.04385 

.04716 

.04950 

.05260 

.05552 

.06833 

.06196 

40 

41 

.04209 

.04394 

.04725 

.04959 

.05270 

.05563 

.05843 

.06206 

41 

42 

.04218 

.04403 

.04734 

.04969 

.05279 

.05573 

.05853 

.06217 

42 

43 

.04226 

.04413  ! 

.04743 

.04979 

.05288 

.05584 

.05863 

.06228 

43 

44 

.04234 

.04422 

.04752 

.04989 

.05298 

.05594 

.05873 

.06239 

44 

45 

.04243 

.04431 

.04760 

.04998 

.05307 

.05604 

.06882 

.06250 

45 

46 

04251 

.04440 

.04769 

.05008 

.06316 

.05615 

.05892 

.06261 

46 

47 

.04260 

.04449 

.04778 

.05018 

.05326 

.05625 

.06902 

.06272 

47 

48 

.04268 

.04458 

.04787 

.06028 

.06335 

.06636 

.05912 

.06283 

48 

49 

.04276 

.04468 

.04796 

.05038 

.06344 

.05646 

.05922 

.06295 

49 

60 

.04285 

.04477 

.04805 

.05047 

.a'>a54 

.05657 

.05932 

.06306 

50 

51 

.04293 

.04486 

.04814 

.05057 

.05363 

.05667 

.06942 

.06317 

51 

52 

.04302 

.04495 

.04823 

.05067 

.05373 

.05678 

.05951 

.06328 

62 

53 

.04310 

.04504 

.04832 

.05077 

.05382 

.05688 

.05961 

.06839 

63 

54 

.04319 

.04514  : 

.04841 

.05087 

.05391 

.05699 

.05971 

.06850 

54 

55 

.04327 

.04523 

.04850 

.06097 

.05401 

.05709 

.05981 

.06362 

65 

56 

.04336 

.04532 

.04858 

.05107 

.05410 

.05720 

.05991 

.06378 

56 

57 

.04344 

.04541 

.04867 

.05116 

.05420 

.05730 

.06001 

.06884 

57 

58 

.04353 

.04551 

.04876 

.05126 

.05429 

.05741 

.06011 

.06395 

58 

59 

.04361 

.04560 

.04885 

.06136 

.05439 

.06751 

.06021 

.06407 

59 

eo 

.04370 

.04569 

-04a»< 

06146 

.05448 

.05762 

.06081 

.06418 

60 

il3 


TABLE  Xm.— VERSiKES  AND  EXSECANtS. 


0 

20» 

Vers. 

Exsec. 

.06031 

.06418 

1 

.06041 

.06429 

2 

.06051 

.06440 

3 

.06061 

.06452 

4 

.06071 

.06463 

5 

.06081 

.06474 

6 

.06091 

.06486 

7 

.06101 

.06497 

8 

.06111 

.06508 

9 

.06121 

.06520 

10 

.06131 

.06531 

11 

.06141 

.06542 

12 

.06151 

.06554 

13 

.06161 

.06505 

14 

.06171 

.065rr 

15 

.06181 

.06588 

16 

.06191 

.00600 

ir 

.06201 

.06611 

IS 

.06211 

.06622 

13 

.06221 

.06634 

JW 

.06231 

.06645 

21 

.06241 

.06657 

2-» 

.06252 

.06668 

23 

.06263 

.06680 

24 

.06272 

.06691 

25 

.06282 

.06703 

28 

.06292 

.06715 

2r 

.06302 

.06726 

28 

.06313 

.00738 

29 

.06323 

.06749 

'<iO 

.06333 

.06761 

31 

.06343 

.06773 

32 

.06353 

.06784 

ai 

.06363 

.06796 

34 

.06374 

.06807 

35 

.06384 

.06819 

36 

.06394 

.06831 

37 

.06404 

.06843 

:« 

.06415 

.06854 

39 

.06425 

.06866 

40 

.06435 

.06878 

41 

.06445 

.06889  : 

42 

.06456 

.06901 

43 

.06466 

.06913 

44 

.06476 

.06925 

45 

.06486 

.069136 

46 

.06497 

.06948  ' 

47 

.06507 

.06960 

48 

.06517 

.06972  . 

40 

.06538 

.06984 

50 

.06538 

.06995  , 

51 

.06548 

.07007  1 

52 

.(J6559 

.07019 

53 

54 
55 

.06569 

.07031  , 

.06580 

.07043 

.06590 

.07055 

56 

.06600 

.07067  1 

57 

.06611 

.07079  ! 

58 

.(HJ621 

.07091  ' 

59 

.0«i632 

.07103  ; 

60 

.06643 

.oni5  ! 

21» 

Vers. 

Exsec. 

.00642 

.07115 

.0»J052 

.07126 

.00003 

.07138 

.06673 

.07150 

.00084 

.07102 

.00094 

.07174 

.06705 

.07186 

■ .06715 

.07199 

.00720 

.07211 

.00736 

.07223 

.06747 

.07235 

.06757 

.07^7 

.00708 

.07259 

M77S 

.07271 

.00789 

.07283 

.00799 

.07295 

.00810 

.07307 

.06820 

.07320 

.06831 

.07332 

.06841 

.07344 

.06853 

.07356 

.06863 

.07308 

.06873 

.07380 

.06884 

.07393 

.06894 

.07405 

.06905 

.07417 

.06910 

.07429 

.00926 

.07442  : 

.06937 

.07454 

.06948 

.07406 

.00958 

.07479 

.00909 

.07491 

.00980 

.07503 

.00990 

.07516 

.07001 

.07528 

.07012 

.07540 

.07023 

.07553 

.07033 

.07505 

.07044 

.07578 

.07055 

.07590  i 

.07065 

.07003 

.07076 

.07015 

.07087 

.07027  1 

.07098 

.07040  I 

.07108 

.07052  • 

.07119 

.07005 

.07130 

.07077 

.07141 

.07090 

.07151 

.07703 

.07162 

.07715 

.orira 

.07727 

.07184 

.07740 

.07195 

.07753 

.07206 

.07705 

.07216 

.07778 

.Or227 

.07790 

.0?238 

.07803 

.07349 

.07810 

.07260 

.07828 

.07271 

.07841 

.07282 

.07853 

22< 


Vers. 


07282 
07293 
07303 
07314 
07325 
07336 
07347 
07358 
07369 
07380 
07391 

07402 
07413 
07424 
07435 
07446 
07457 
07468 
07479 
07490 
07501 

07512 
07523 
075*4 
07545 
07556 
07568 
07579 
07590 
07601 
07612 

07623 
07634 
07045 
07057 
07008 
07079 
07090 
07701 
07713 
07724 

07735 
07746 
07757 
07709 
07780 
07791 
07802 
07814 
07825 
078130 

07848 
07859 
07870 
07H81 
07893 
07904 
07915 
07927 
07938 
07950 


Exsec. 


.07853 
.07800 
.07879 
.07892 
.07904 
.07917 
.07930 
07943 
.07955 
.07908 
.07981 

.07994 
.08006 
.08019 
.08032 
.08045 
.08058 
.08071 
.08084 
.08097 
.08109 

.08123 
.08135 
.08148 
.08161 
.08174 
.08187 
.08200 
.08213 
.08226 
.08239 

.08252 
.08205 
.08278 
.08291 
.08305 
.08318 
.08331 
.08344 
.08;«7 
.08370  ^ 

.083a3  ! 

.08397 

.08410 

.08423 

.084.% 

.08449 

.08403 

.08476 

.08189 

.08503 

.08516 
.08529 
.08542 
.08556 
.08569 
.08582 
.08596 
.08609 
.08623 
.08636 


23« 


Vers. 


07950 
07961 
07973 
07984 
07995 
08006 
08018 
08039 
08041 
08053 
08064 

08075 
08086 
08098 
08109 
08121 
08133 
08144 
08155 
08167 
06178 

08190 
08301 
08213 
06225 
082S6 
06348 
08259 
08271 
08283 
08294 

06306 
08317 
08329 
06340 
06352 
06364 
06375 
08387 
08399 
06410 

06422 
08434 
08445 
08457 
06469 
08481 
08493 
08504 
08516 
08528 

06539 
06551 
08668 
06575 
08586 
08598 
08610 
08633 
06634 
08645 


Exsec. 

.08636 
.08649 
.0866;) 
.08676 
.08090 
.0870:J 
.06717 
.08730 
.08714 
.08757 
.08771 

.06784 
.08798 
.08811 
.08825 
.06839 
.06852 
.08866 
.08880 
.06893 
.06907 

.06921 
.06934 
.06948 
.08963 
.06975 
.08989 
.09003 
.09017 
.09030 
.09044 

.09058 
.09073 
.09066 
.09099 
.09113 
.09127 
.09141 
.09155 
.09169 
.09183 

.09197 
.09311 
.092^ 
.09888 
.08252 
.09360 
.09280 
.09291 
.09908 
.09333 

.09837 
.09351 
.09365 
.09379 
.09393 
.09407 
.09421 
.09185 
.09449 
.0M64 


TABLE  Xin.-VERSINEfi  AND  EXSECANTS. 
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i 

0 

24* 

25- 

26« 

27* 

0 

Vers. 

Exsec. 

Vers. 
.09369 

Exsec. 

1 

Vers. 

Exsec. 

Vers. 

Exsec. 

.08645 

.09464 

.ia338 

.10121 

.11260 

10899 

.12233 

1 

.06667 

.09478 

.00382 

.10353 

.10133 

.11276 

10913 

.13249 

1 

2 

.06669 

'.09492 

.09394 

.10368 

.10146 

.11292   , 

10926 

.12266 

2 

3 

.08681 

.09506 

.09406 

.10383 

.10159 

.11308 

10939 

.12283 

3 

4 

.08693 

.09520 

.09418 

.10398 

.10172 

.11323   . 

10952 

.12299 

4 

5 

.08705 

.09535 

.09431 

.10413 

.10184 

.11339   . 

10965 

.12316 

6 

6 

.08717 

.09549 

.09443 

.10428 

.10197 

.11355   , 

10979 

.12333 

6 

7 

.08728 

.09563 

.09455 

.10443 

.10210 

.11371 

10992 

.12349 

7 

8 

.06740 

.09577 

.09468 

.10458 

.10223 

.11387 

11005 

.12366 

8 

9 

.08752 

.09592 

.09480 

.10473 

.10236 

.11403   . 

11019 

.12383 

9 

10 

.06764 

.09606 

.09493 

.10488 

.10248 

.11419 

11032 

.12400 

10 

11 

.08776 

.09620 

.09505 

.10503 

.10261 

.11435 

11045 

.12416 

11 

12 

.08788 

.09635 

.09517 

.10518 

.10274 

.11451 

11058 

.12433 

12 

13 

.08800 

.09649 

.09530 

.10533 

.10287 

.11467 

11072 

.12450 

13 

14 

.06812 

.09663 

.09542 

.10549 

.10300 

.11483 

11085 

.12467 

14 

15 

.08824 

.09678 

.09554 

.10564 

.10313 

.11499 

11098 

.12484 

T) 

16 

.08836 

.09692 

.09567 

.10679 

.10326 

.11515 

11112 

.12501 

16 

17 

.08848 

.09r07 

.09579 

.10694 

.10338 

.11531 

.11125 

.12518 

17 

18 

.08860 

.09721 

.09592 

.10609 

.10351 

.11547 

11138 

.12534 

18 

19 

.08872 

.09735 

.09604 

.10625 

.10364 

.11563 

.11152 

.12551 

19 

20 

.08884 

.09750 

.09617 

.10640 

.10377 

.11579 

.11165 

.12568 

20 

21 

.08896 

.09764 

.09629 

.10655 

.10390 

.11595 

.11178 

.12585 

21 

22 

.06908 

.09779 

.09642 

.10670 

.10403 

.11611 

.11192 

.12602 

22 

23 

.08920 

.09793 

.09654 

.10686 

.10416 

.11627 

.11205 

.12619 

23 

24 

.08932 

.09808 

.09666 

.10701 

.10429 

.11643 

.11218 

.12636 

24 

25 

.08944 

.09822 

.09679 

.10716 

.10442 

.11659 

.11232 

.12653 

25 

26 

.08956 

.09837 

.09691 

.10731 

.10455 

.11675 

.11245 

.12670 

26 

27 

.08968 

.09851 

.09704 

.10747 

.10468 

.11691 

.11259 

.12687 

27 

28 

.08980 

.09866 

.09716 

.10762 

.10481 

.11708 

.11272 

.12704 

28 

29 

.08992 

.09880 

.09729 

.10777 

.10494 

.11724 

.11285 

.12^1 

29 

30 

.09004 

.09895 

.09741 

.10793 

.10507 

.11740 

.11299 

.12738 

30 

81 

.09016 

.09909 

.09754 

.10806 

.10520 

.11756 

.11312 

.12755 

31 

32 

.09028 

.09924 

.09767 

.10824 

.10533 

.11772 

.11326 

.12772 

32 

33 

.09040 

.09939 

.09779 

.10839 

.10546 

.11789 

.11339 

.12789 

33 

34 

.09052 

.09953 

.09792 

.10854 

.10559 

.11805 

.11353 

.12807 

34 

35 

.09064 

.09968 

.09804 

.10870 

.10572 

.11821 

.11366 

.12824 

35 

36 

.09076 

.09982 

.09817 

.10885 

.10585 

.11838 

.11380 

.12841 

36 

37 

.09089 

.09997 

.09829 

.10901 

.10598 

.11854 

.11393 

.12858 

37 

38 

.09101 

.10012 

.09842 

.10916 

.10611 

.11870 

.11407 

.12875 

^ 

39 

.09113 

.10026 

.09854 

.10932 

.10624 

.11886 

.11420 

.12892 

39 

40 

.09125 

.10041 

.09867 

.10947 

.10637 

.11903 

.11434 

.12910 

40 

41 

.09137 

.10055 

.09880 

.10963 

.10650 

.11919 

.11447 

.12927 

41 

42 

.09149 

.10071 

.09892 

.10978 

.10663 

.11936 

.11461 

.12944 

42 

43 

.09161 

.10085 

.09905 

.10994 

.10676 

.11952 

.11474 

.12961 

43 

44 

.09174 

.10100 

.09918 

.11009 

.10689 

.11968 

.11488 

.12979 

44 

45 

.09186 

.10115 

.09930 

.11025 

.10702 

.11985 

.11501 

.12996 

45 

46 

.09198 

.10130 

.09943 

.11041 

.10715 

.12001 

.11515 

.13013 

46 

47 

.09210 

.10144 

.09955 

.11056 

.10728 

.12018 

.11528 

.13031 

47 

48 

.09222 

.10159 

.09968 

.11072 

.10741 

.12034 

.11542 

.13048 

48 

49 

.09234 

.10174 

.09981 

.11087 

.10755 

.12051 

.11555 

.13065 

49 

50 

.09247 

.10189 

.09993 

.11103 

.10768 

.12067 

.11569 

.13083 

50 

51 

.09259 

.10204 

.10006 

.11119 

.10781 

.12084 

.11583 

.13100 

51 

52 

.09271 

.10218 

.10019 

.11134 

.10^-94 

.12100 

.11596 

.13117 

52 

53 

.09283 

.10233 

.10032 

.11150 

.10807 

.12117 

.11610 

.13135 

53 

54 

.09296 

.10248 

.10044 

.11166 

.10820 

.12133 

.11623 

.13152 

54 

65 

.09308 

.10263 

.10057 

.11181 

.10833 

.12150 

.11637 

.13170 

55 

66 

.09320 

.10278 

.10070 

.11197 

.10647 

.12166 

.11651 

.13187 

56 

67 

.09332 

.10293 

.10082 

.11213 

.10860 

.12183 

11664 

.13205 

57 

58 

.09345 

.10308 

.10095 

.11229 

.10873 

.12199 

.11678 

.13222 

58 

69 

.09357 

.10323 

.10106 

.11244 

.10886 

.12216 

,11692 

.13240 

59 

eo 

.09369 

.10338 

.10121 

.11260 

.10699 

.12233 

.11706 

.13257 

60 
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TABLE  Xni.-VERSINES  AND  EXSECANTS. 


/   _ 

28° 

« 

Vers. 

Exsec. 

0 

.11705 

.13257 

i 

.11719 

.13275 

2 

.11733 

.13292 

8 

.11746 

.13310 

4 

.11760 

.13327 

5 

.11774 

.13345 

6 

.11787 

.13362 

7 

.11801 

.13380 

8 

.11815 

.13398 

9 

11828 

.13415 

10   . 

.11842 

.13433 

11   . 

11856 

.13451 

12 

.11870 

.13468 

13 

11883 

.13486 

14   . 

11897 

.13504 

15   . 

11911 

.13521 

16 

11925 

.13539 

17 

11938 

.13557 

18   . 

11952 

.13575 

19   . 

11966 

.13593 

20 

11980 

.13610 

21   . 

11994 

.13628 

22 

12007 

.13646 

23   . 

12021 

.13664 

^   . 

12035 

.13682 

25 

12049 

.13700 

26 

12063 

.13718 

27   . 

12077 

.13735 

28 

12091 

.13753 

29   . 

12104 

.13771 

30   . 

12118 

.13789 

31 

12132 

.13807 

S-l      . 

12146 

.13825 

33   . 

12160 

.13843 

34   . 

12174 

.13861 

35   . 

12188 

.13879 

36   . 

12202 

.13897 

37   . 

12216 

.13916 

38   . 

12230 

.13934 

39   . 

12JM4 

.13952 

40   . 

12257 

.139r0 

41   . 

12271 

.13988 

42   . 

12285 

.14006 

43   . 

12299 

.14024 

41   . 

12313 

.14042 

45   . 

12327 

.14061 

46   . 

12341 

.14079 

47   . 

12a'>5 

.14097 

48   . 

12369 

.14115 

49   . 

12383 

.14134 

50   . 

12397 

.14152 

51   . 

12411 

.14170 

52   . 

12425 

.14188 

53   . 

12439 

.14207 

54   . 

12454 

.14225 

55 

.12468 

.14^3 

56   . 

12482 

.14262 

67 

.m96 

.14280 

58 

.12510 

.14299 

50 

12504 

.14317 

60 

.12538 

.14336 

29« 


Vers. 


2538 
2552 
25G6 
2580 
2595 
2609 
2623 
2637 
2651 
26C5 
2679 

2694 
2798 
2722 
2736 
2750 
2765 
2779 
2793 
2807 
2822 

2836 
2850 
2864 
2879 
2893 
2907 
2921 
2936 
2950 
29&4 

2979 
2993 
3007 
3022 
3036 
3051 
3065 
3079 
3094 
3108 

3122 
3137 
3151 
31 06 
3180 
3195 
3209 
3223 
3238 
3252 

3267 
3281 
3296 
3310 
3325 
3339 
3354 
3368 
3383 
3397 


Exsec. 


4335 
4354 
4372 
4391 
4409 
4428 
4446 
4465 
4483 
4502 
4521 

4539 
4558 
4576 
4595 
4614 
4632 
4651 
4670 
4689 
4707 

4726 
4745 
4764 

4782 
4801 
4820 
4839 
4858 
4877 
4896 

4914 
4933 
4952 
4971 
4990 
5009 
5028 
5047 
5066 
5065 

5105 
5124 
5143 
5102 
5181 
5200 
5219 
5239 
5258 
5277 

5296 
5315 
5335 
5354 
5373 
5393 
5412 
&431 
5451 
5470 


8a» 

Vers. 

Exseo. 

.13397 

.15470 

.13412 

.15489 

.13427 

.15509 

.13441 

.15528 

.13456 

.15546 

.13470 

.15567 

.13485 

.15587 

.13499 

.15606 

.13514 

.15626 

.13529 

.15645 

.13543 

.15665 

.13558 

.15684 

.13573 

.15704 

.13587 

.15724 

.13602 

.15748 

.13616 

.15768 

.13631 

.15782 

.13646 

.15802 

.13660 

.15822 

.13675 

.15841 

.13690 

.15861 

.18705 

.15881 

.13719 

.15901 

.13734 

.15900 

.13749 

.15040 

.13763 

.15960 

.13778 

.15980 

.13798 

.16000 

.138C8 

.16019 

.13822 

.16060 

.13837 

.16050 

.13852 

.16079 

.13867 

.16000 

.13881 

.16110 

.13896 

.16130 

.13911 

.16150 

.13926 

.16170 

.13941 

.16100 

.13955 

.16210 

.13970 

.16230 

.13966 

.16250 

.14000 

.16270 

.14015 

.16800 

.14030 

.16819 

.14044 

.16880 

.14059 

.16860 

.14074 

.16880 

.14069 

.16400 

.14104 

.16420 

.14119 

.16440 

.14134 

.16460 

.14149 

.16481 

.14164 

.16601 

.14179 

.16991 

.14194 

.16641 

.14906 

• 

.142S8 

• 

.14S86 

• 

.14S88 

• 

.14908 

• 

.14S88 

• 

81* 

M 

Vers. 

Exsec. 

w 

.14283 

.16663 

~ 

.14296* 

.16664 

1 

.14313 

.16704 

9 

.14826 

.16795 

8 

.14343 

.16745 

4 

.14358 

.16766 

5 

.14373 

.16766 

6 

.14388 

.16606 

7 

.14403 

.16897 

8 

.14416 

.16846 

9 

.14433 

.16666 

10 

.14449 

.16880 

11 

.14164 

.16000 

19 

.14479 

.16080 

18 

.14494 

.16050 

14 

.14509 

.16071 

16 

.14524 

.16009 

16 

.14539 

.17019 

17 

.14564 

.17088 

18 

.14669 

.17C64 

19 

.14584 

.17075 

90 

.14800 

.17005 

91 

.14616 

.17116 

99 

.14630 

.17187 

88 

.14646 

.17168 

94 

.14660 

.17178 

96 

.14675 

.17100 

96 

.14600 

.17990 

87 

.14706 

.17941 

98 

.14721 

.17969 

80 

.14786 

.17268 

30 

.14761 

.17804 

81 

.14766 

.17895 

89 

.14789 

.17846 

88 

.14797 

.17867 

84 

.14819 

.17886 

85 

.14827 

.17400 

86 

.14648 

.17480 

87 

.14656 

.17451 

88 

.14873 

.17479 

90 

.14886 

.17498 

40 

.14004 

.17514 

41 

.14019 

.17585 

48 

.14034 

.17556 

48 

.14040 

.17577 

44 

.14066 

.17508 

45 

.14960 

.17620 

46 

.14006 

.17641 

47 

.15011 

.17662 

48 

.15026 

.17688 

40 

.15041 

.irro4 

60 

.16057 

.17786 

51 

.16072 

.17747 

69 

.16087 

.17768 

58 

.15103 

.17700 

64 

.15118 

.17811 

66 

.151^ 

.17888 

66 

.15140 

.17854 

67 

.16164 

.17875 

68 

.16180 

.17806 

60 

.1.MQ5 

.17018 

60 

:    =s- 
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TABLE  XIII.— VERSINES  AND  EXSECANTS. 


36« 


Vers. 


0 

.1 
2 

8 

4 
5 
6 
7 

8 

9 

10 

n 

12 
13 
U 
15 
16 
17 
18 
19 
20 

21 
22 
23 
2i 
25 
26 
27 
28 
29 
80 

81 
32 
33 
34 
.35 
30 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


51 
53 
53 
54 
55 


.19098 
.19115 
.19133 
.19150 
.19167 
.1918! 
.19201 
.19218 
.19235 
.19252 
.19270 

.19287 
.19304 
.19321 
.19338 
.19356 
.19873 
.19390 
.19407 
.19424 
.19442 

.19459 
.19476 
.19493 
.19511 
.19528 
.19545 
.19562 
.19580 
.19597 
.19614 

.19632 
.19G49 
.19660 
.1^684 
.19701 
.19718 
.197:^6 
.19753 
.19770 
.19788 

.19805 
.19822 
.19&40 
.19a'>7 
.19875 
.19892 
.19909 
.19927 
.19944 
.19962 


.19979 
.19007 
.20014 
.20082 
.200.10 
56  i  .200()() 
.200S-1 
.20101 
.20119 
.20136 


Exsec. 


57 
58 
59 
60 


.23007 
.23633 
.23659 
.23685 
.23711 
.23738 
.23764 
.237J0 
.23816 
.23843 
.23869 

.23895 
.23922 
.23948 
.23975 
.24001 
.24028 
.24054 
.24081 
.24107 
.24134 

.24160 
.24187 
.24218 
.24240 
.24267 
.24293 
.24320 
.24347 
.24373 
.24400 

.24427 
.21454 
.24481 
.24508 
.24584 
.24561 
.24588 
.24615 
.24642 
.24669 

.24696 
.24723 
.24750 
.24777 
.21804 
.24a32 
.24859 
.24886 
.24018 
.24040 

.24067 
.24005 

.25a40 
.2-)077 
.25104 
.25131 
.25150 
.2.'il86 
.25214 


37* 


Vers, 


Exsec. 


.20136 
.20154 
.20171 
.20189 
.20207 
.20224 
.20242 
.20259 
.20277 
.20204 
.20312 

.20329 
.20347 
.20365 
.20382 
.20400 
.20417 
.20435 
.20458 
.20470 
.20488 

.20506 
.20528 
.20541 
.20559 
.20576 
.20594 
.20612 
.20629 
.20647 
.20665 

.20682 
.20700 
.20718 
.20736 
.20753 
.20771 
.20789 
.20807 
.20624 
.20842 

.20660 
.20678 
.20695 
.20918 
.20931 
.20949 
.20967 
.20985 
.21002 
.21020 

.21038 
.21056 
.21074 
.21092 
.21109 
.21127 
.21145 
.21163 
.21181 
.21199 


38* 


Vers. 


.25214 
.25241 
.25269 
.25206 
.25324 
.25351 
.25379 
.25406 
.25434 
.25462 
.25489 

.25517 

.25545 

.25572 

.25600 

.25628 

.25656 

.25688 

.25711  ' 

.25739 

.25767 

.25795  '■ 

.25823 

.25851 

.25879  ! 

.25907  I 

.25935 

.25968 

.25991 

.26019 

.26047 

.26075 
.26104 
.26132 
.26160 
.26188 
.26216 
.26245 
.26273 
.26301 
.26830 

.26358  ■ 
.26887 
.26415 
.26448 
.26473  ! 
.26500  I 
.26529  I 
.26557  I 
.26586  , 
.26615 

.26r>43 
.2f)<)72 
.2G701 
.2(5729 
.2(1758 
.2(5787 
.2(5815 
.2(5R44 
.20873 
.26902  , 


.21109 
.21217 
.21235 
.21253 
.21271 
.21289 
.21307 
.21824 
.21342 
.21360 
.21378 

.21896 
.21414 
.21482 
.21450 
.21468 
.21486 
.21504 
.21522 
.21540 
.21558 

.21576 
.21595 
.21618 
.21631 
.21649 
.21667 
.21685 
.21703 
.21721 
.21789 

.21757 
.21775 
.21794 
.21812 
.21830 
.21848 
.21866 
.21884 
.21902 
.21921 

.21989 
.21057 
.21075 
.21003 
.22012 
.22030 
.22048 
.22066 
.22084 
.22103 

.22121 
.22139 
.22157 
.22176 
.22104 

.   ^-^^r  1  ^ 

.22210 
.292(57 
.22285  ' 


Exsec. 


.26902 
.26031 
.26060 
.26988 
.27017 
.27046 
.27076 
.27104 
.27138 
.27162 
.27191 

.27221 
.27250 
.27279 
.27808 
.27387 
.27366 
.27396 
.27425 
.274M 
.27483 

.27518 
.27542 
.27572 
.27601 
.27680 
.27660 
.27689 
.27719 
.27748 
.27775 

.27807 
.278:^7 
.27867 
.27896 
.27928 
.27956 
.27985 
.28015 
.28045 
.28075 

.28105 
.28134 
.28104 
.28194 
.28224 
.28254 
.28284 
.28814 
.28344 
.28874 

.28404 
.28484 
.28464 
.28405 
.2K525 
.  2S,V>5 
.28r)S5 

.2«ni5 

.28046 
.28076 


39« 


Vers.  Exsec. 


22285 
22304 
22322 
22840 
22350 
22377 
22395 
22414 
22432 
22450 
22469 

22487 
22506 
22524 
22542 
22561 
22579 
22598 
22616 
22684 
22658 

22671 
22690 
22708 
22727 
22745 
22764 
22782 
22801 
22819 
22888 

22856 
22875 
22898 
22912 
22980 
22949 
22967 
22966 
23004 
28023 

28041 
23060 
23079 
23097 
23116 
28134 
23158 
23172 
23190 
23209 

28228 
23246 
23205 
2fKS8 
28302 
23.'ei 
23JW9 
23358 
23377 
28396 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

.29011  11 

.29042  12 

.29072  13 

.29108  14 

.29183  .  15 

.29164  -  16 

.29105  17 
.29086 
.80256 
.88887 


.28676 
.28706 
.28787 
.28767 
.28797 
.28828 
.28858 
.26889 
.28919 
.28950 
.28980 


.89618 
.89349 
.89380 
.89411 
.29448 
.89473 
.89604 
.29585 
.29666 
.80597 

.89628 
.89659 
.89690 
.897121 
.20752 
.89781 
.80615 
.80fM 
.S9W7 
.80000 

.20040 
.80071 
.80003 
.80034 
.80066 
.80007 
.80120 
.80100 
.80103 
.80888 

.80855 

.80987 
.80618 
.80850 
.80682 
.8(V113 
.30445 
.80477 
.80509 
.80541 


18 
10 
90 

21 
83 
83 
»i 
25 
86 
27 
88 
20 
SO 

81 
83 
88 
84 
85 
86 
87 
88 
80 
40 

41 
43 
48 
44 
45 
46 
47 
48 
40 
CO 

51 
68 
63 
64 

66 
6? 
68 
60 
00 
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TABLE  XIII.-VERSINES  AND  EXSECANTS. 
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0 

48* 

49» 

60« 

61* 

9 

Vers. 

Exsec. 

Vers. 

Exsec. 

Vers. 

Exsec. 

Vers. 

Exsec. 

.33087 

.49448 

.34394 

.52425 

.36721 

.55672 

.37068 

.58902 

~o" 

1 

.83109 

.49496 

.34416 

.52476 

.35744 

.56626 

.37091 

.58959 

1 

2 

.33130 

.49544 

.34438 

.52527 

.36766 

.55680 

.37113 

.69016 

2 

8 

.83152 

.49598 

.34460 

.52579 

.35788 

.55734 

.37136 

.59073 

8 

4 

.33173 

.49641 

.84482 

.52630 

.35810 

.55789 

.37158 

.59130 

4 

6 

.33195 

.49690 

.34504 

.52681 

.35833 

.55843 

.37181 

.69188 

5 

6 

.33217 

.49738 

.34526 

.52732 

.36855 

.55897 

.37204 

.59245 

6 

7 

.33238 

.49787 

.34548 

.52784 

.35877 

.55951 

.37226 

.69302 

7 

8 

.33360 

.49835 

.34670 

.52836 

.36900 

.56005 

.37249  ■ 

.69360 

8 

9 

.33282 

.49884 

.34692 

.62886 

.36922 

.56060 

.37272 

.59418 

9 

10 

.33308 

.49933 

.34614 

.62938 

.35944 

.56114 

.37294 

.59475 

10 

11 

.88325 

.49981 

.34636 

.62989 

.36967 

.56169 

.37317 

.69533 

11 

12 

.38347 

.50030 

.34658 

.63041 

.35989 

.56223 

.37340 

.59690 

12 

13 

.38368 

.50079 

.34680 

.53092 

.36011 

.56278 

.37362 

.69648 

13 

14 

.38390 

.50128 

."34702 

.63144 
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TABLE  XV.-DEFLECTION  ANGLES  FOR  TRANSITION  CURVES. 
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345.0 

849.7 

854.5 

8->9.4 

364.2 

869.1 

874.1 

879.0 

12 

384.0 

889.0 

394.1 

399.1 

404.2 

409.4 

414.5 

419.7 

425.0 

430.2 

13 

435.5 

440.8 

446.2 

451.6 

456.9 

462.4 

467.8 

473.8 

478.9 

484.4 

14 

490.0 

495  6 

501.8 

506.9 

512.6 

618.4 

524.1 

529.9 

635.8 

541.6 

15 

547.*; 

653.4 

559.4 

565.3 

671.8 

677.4 

5S3.4 

589.5 

595.7 

601  8 

16 

608.0 

814.2 

620.5 

626.7 

633.0 

639.4 

645.7 

652.1 

658.6 

666.0 

17 

671.6 

678.0 

684.6 

691.1 

697.7 

704.4 

711.0 

717.7 

724.6 

781.3 

18 

738.0 

744.8 

751.7 

758.5 

765.4 

772.4 

779.8 

7868 

796.4 

800.4 

19 

807.6 

814.6 

821.8 

828.9 

836.1 

843.4 

850.6 

857.9 

865.8 

873.6 

20 

880.0 

887.4 

894.9 

902.a 

909.8 

917.4 

924.9 

9325 

940.3 

947.8 

21 

955.5 

963.2 

971.0 

978  7 

986.5 

994.4  1002.2  1010.1 

1018.1 

1026.0 

22 

1034.0  1042.0  1050.1  1058.1  1066.2  1074.4  1082.5  1090.7 

1099.0  il07.3l 

23 

1115  6  1123.8  1132.2  1140.6  1148.9  1157.4  1165.8  1174.8  1182.9  1191.41 

24 

1200.0  1208  6  1217.3  1225.9  1234.6  1243.4 

1252.1 

1260.9  1269.8  1278.6 

25 

1287.5  1296.4  1305.4  1314.8  1323.3  1332.4 

1341.4 

1350.5  1859.7  1888.8 

26 

1378  0  1387.2  1396.6  1405.7  1415.0  1424.4 

1483.7 

1448.1 

1452.6  1468  0 

27 

1471.6  1481.0  1490  6  1500.1 

1509.7  1519.4  1529.0  1638.7  1548.5  l.'UM.S 

28 

1568.0  1577.8  1587.7  1597.6  1607.4  1617  4  1627.8  1637.8  1647.4  1657.41 

29 

1667.5  1677.6  1687.8  1697.9  1708.1 

1718.4  f728.6  1738.9 

1749.8 

1759.61 

Base,  26  = 

=  15  feet.    Side  slopes  1^  to  1. 

C.  H. 

.0 

.1 

.2 

.8 

.4 

.6 

.6 

.7 

.8 

.9 

0 

0.0 

1.5 

8.1 

4.6 

6.2 

7.9 

9.5 

11.9 

18.0 

14.7 

1 

16  5 

18.3 

20.2 

22.0 

28.9 

25.9 

27.8 

29.8 

81.9 

88.9 

2 

36.0 

38.1 

40.3 

42.4 

44.6 

46.9 

49.1 

51.4 

68.8 

56.1 

8 

58.5 

60.9 

68.4 

65.8 

68.8 

709 

73.4 

76.0 

78.7 

81.8 

4 

84.0 

86.7 

89.5 

92.2 

95.0 

97.9 

100.7 

103.6 

106.6 

109.6 

6 

112.5 

115.5 

118.6 

121.6 

124.7 

127.9 

131.0 

134.2 

137.5 

140.7 

6 

144.0 

147.8 

150.7 

154.0 

157.4 

160.9 

164.8 

167.8 

171.4 

174.0 

7 

178  5 

182.1 

185.8 

189.4 

193.1 

196.9 

200.6 

204.4 

208.8 

218.1 

8 

216.0 

219.9 

223.9 

227.8 

231.8 

2a5.9 

2;w.9 

244.0 

248.8 

262.8 

9 

256.5 

260.7 

265.0 

269.2 

278.5 

277.9 

282.2 

286.6 

291.1 

895.5 

10 

300.0 

304.5 

309.1 

313.6 

818.2 

322.9 

327.5 

832.2 

887.0 

841.7 

11 

346  5 

851.3 

856.2 

861.0 

865.9 

870  9 

375.8 

880.8 

885.9 

300.9 

12 

396.0 

401.1 

406.8 

411.4 

416.6 

421.9 

427.1 

432.4 

487.8 

448.1 

13 

448.5 

453.9 

459.4 

464.8 

470.3 

475.9 

481.4 

487.0 

492.7 

498.3 

14 

504.0 

509.7 

515.5 

521.2 

627.0 

632.9 

538.7 

544.6 

650.6 

656.5 

16 

5C2.5 

568.B 

574.6 

680.6 

686.7 

692.9 

599.0 

605.9 

611.5 

617  7 

16 

624.0 

6:^.8 

636.7 

643.0 

649.4 

655.9 

662.3 

668.8 

675.4 

661.9 

17 

688  5 

695.1 

701.8 

708.4 

715.1 

721.9 

72P.6 

735.4 

742.8 

749.1 

18 

756.0 

762.9 

769.9 

776  8 

783.8 

790  9 

797.9 

805.0 

812.8 

819.8 

19 

8-,>6.5 

8;J3.7 

841.0 

848.2 

855.6 

862  9 

870.2 

877.6 

885.1 

893.5 

20 

900.0 

907.5 

915.1 

922.6 

'980.2 

9rj7.9 

945.5 

953.2 

961.0 

968.7 

21 

976.5 

'JM4.8 

992.2 

1000.0 

1007.9 

1015  9 

1023.8 

1031.8  1089.9  l647i9 

22 

1056.0  m'AA 

1072.8 

1080.4 

1088.6 

\(m  9 

lia5.1 

1113.4  1121.8  USD  1 

23 

1138.5 

1146.9 

1155.4 

1163.8 

1172.3 

1180.9  1189.4 

1178.0  1206.7  1815.8 

24 

1-^24.0  1232.7 

1241.5 

1250.2 

12:)9.0 

1267.9 

1276.7  1285.6  1294.6  1308.5 

25 

1312.5  1321.5  1330.6  1339.6  1348.7 

1357.9 

1367.0  1376.2  18855  1891.7 

26 

1404.0 

1413.3 

1422.7 

1482.0 

1441.4 

ll.'.0.9 

1160  3  1469.8  1479.4  1488.9 

27 

1498.5 

1508.1 

1517.8  1527.4 

15.37.1 

1510.9 

irK56.6  1566.4  1576.8  1588.1 

28 

1596.0 

1005.9 

1615.9 

1625.8 

in:J5.8 

1645.9 

16r>5.9  1666.0  1676.8  1686.8 

29 

1696.5 

1706.7 

1717.0 

1727.2 

1737.5 

}jj7.9  1758.2 

1768.6  1779.1  ]789.5| 

TABLE  XVII.—AREAS  OF  LEVEL  SECTIONS     447 
Base,  26  =  28  feet.    Side  slopes  U  to  1. 


Ic.  H. 

.0 

.1 

.2 

.8 

.4 

.6 

.6 

.7 

.8         .9 

0 

0.0 

2.8 

6.7 

8.5 

11.4 

14.4 

17.3 

20.3 

28.4     26.4 

1 

29.5 

82.6 

35.8 

88.9 

42.1 

45.4 

48.6 

51.9 

55.3     58.6 

2 

62.0 

65.4 

68.9 

72.3 

75.8 

79.4 

82.9 

86.5 

90.2     93.8 

S 

97.5 

101.2 

105.0 

108.7 

112.5 

116.4 

120.2 

124.1 

128.1     132.0, 

4 

186.0 

140.C 

144.1 

148.1 

152.2 

156.4 

160.5 

164.7 

169.0    173.2 

5 

177.B 

181.8 

186.2 

190.5 

194.9 

199.4 

203.8 

208.3 

212.9    217.4 

6 

2^>2.0 

226.6 

231.3 

235.9 

240.6 

245.4 

250.1 

254.9 

259.8    264.0 

7 

269.5 

274.4 

279.4 

284.3 

289.3 

294.4 

299.4 

304. 5 

309.7    314.8 

8 

8<20.0 

825.2 

330.5 

335.7 

341.0 

346  4 

351.7 

357.1 

362.6    368.0 

9 

-873.5 

879.0 

384.6 

390.1 

395.7 

401.4 

407.0 

412.7 

418.5    424.2 

10 

430.0 

435.8 

441.7 

447.5 

453.4 

459.4 

465.8 

471.3 

477.4    483.4 

11 

489.5 

495.6 

501.8 

507.9 

514.1 

520.4 

526.6 

532.9 

539.3    545.6 

12 

552.0 

558.4 

564.9 

571.3 

577.8 

584.4 

590.9 

597.5 

604.2    610.8 

18 

617.5 

624.2 

631.0 

637.7 

644.5 

651.4 

658.2 

665.1 

672.1    679.0 

14 

686.0 

693.0 

700.1 

707.1 

714.2 

721.4 

728.5 

735.7 

743.0    750.2 

16 

757.5 

764.8 

772.2 

779.5 

786.9 

794.4 

801.8 

809.3 

816.9    824.4 

16 

832.0 

839.6 

847.3 

854.9 

862.6 

870  4 

878.1 

885.9 

898.8    901.6 

17 

909.5 

917.4 

925.4 

933.3 

941.3 

949.4 

957.4 

965.5 

973.7    981.8 

18 

990.0 

998.2 

1006.5 

1014.7 

1023.0 

1031.4 

1039.7 

1048.1 

1056.6  1065.0 

19 

1073.5 

1082.0 

1090.6  1099.1 

1107.7 

1116.4 

1125.0  1138.7  1142.5  1151.2| 

30 

1160.0 

1168.8 

1177.7  1186.5  1195.4  1204.4  1213.3  1222.8  1231.4  1240.41 

21 

1249.5 

1258.6 

1267.8  1276.9  1286.1 

1J95.4 

1304.6  1313.9  1323.3  1332.61 

22 

1342.0 

1351.4 

1360.9  1370.8  13T9.8 

1389.4 

1398.9  1408.5  1418.2  1427.81 

28 

1487.6 

1447.2 

1457.0  1466.7  1476.5 

1486.4 

1496.2  1506.1 

1516.1  1526.0 

24 

1536.0 

1546.0 

1556.1 

1566.1 

1576.2  1586.4 

1596.5  1606.7  1617.0  1627.2 

26 

1637.5 

1647.8 

1658.2 

1668.5 

1678.9 

1689.4 

1699.8  1710.8  1720.9  1731.4 

26 

1742.0 

1752.6 

1768.3 

1773.9 

1784.6 

1795.4 

1806.1 

1816.9  1827.8  1838.61 

27 

1849.5 

1860.4 

1871.4  1882  3 

1893.3 

1904.4  1915.4  1926.5  1937.7  1948.81 

28 

1960.0 

1971.2 

1982.5  1993  7  2005.0  2016.4  2027.7  2039.1  2050.6  2062.01 

29 

2073.5 

2085.0 

2096.6  2108.1 

2119.7 

2131.4  2143.0  2154.7  2166.5  2178.2J 

Base,  2b 

=  18  feet.    Side  slopes  1  to  1. 

b.  H. 

.0 

.1 

.2 

.3 

.4 

.6 

.6 

.7 

.8 

.9 

0 

0.0 

1.8 

3.6 

5.5 

7.4 

9.3 

11.2 

13.1 

15.0 

17.0 

1 

19.0 

21.0 

23.0 

25.1 

27.2 

29.3 

31.4 

33.5 

35.6 

37.8 

2 

40.0 

42.2 

44.4 

46.7 

49.0 

51.3 

53.6 

55.9 

58.2 

60.6 

8 

63.0 

65.4 

67.8 

70.3 

72.8 

75.3 

77.8 

80.3 

82.8 

85.4 

4 

88.0 

90.6 

93.2 

95.9 

98.6 

101.3 

104.0 

106.7 

109.4 

112.2 

6 

115.0 

117.8 

120.6 

123.5. 

126.4 

129.3 

182.2 

135.1 

138.0 

141.0 

6 

144.0 

147.0 

150.0 

158.1 

1.^6.2 

159.3 

162.4 

165.5 

168.6 

171.8 

7 

175.0 

178.2 

181.4 

184.7 

188.0 

191.3 

194.6 

197.9 

201.2 

204.6 

8 

208.0 

211.4 

214.8 

218.3 

221  8 

225.3 

228  8 

232.3 

235.8 

289.4 

9 

243.0 

246.6 

250.2 

253.9 

257.6 

261.3 

265.0 

268.7 

272.4 

276.2 

10 

280.0 

283.8 

287.6 

291.5 

295.4 

299.3 

303.2 

307.1 

811.0 

315.0 

11 

819.0 

823.0 

327.0 

331.1 

335.2 

839.3 

343.4 

847.  E 

351.6 

355.8 

12 

360.0 

364.2 

868.4 

372.7 

877.0 

881.3 

385.6 

389.9 

394.2 

398. 6 

18 

403.0 

407.4 

411.8 

416.3 

420.8 

425.3 

429.8 

434.3 

438.8 

443.4 

14 

448.0 

452.6 

457.2 

461.9 

466.6 

471.8 

476.0 

480.7 

485.4 

490.2 

16 

495.0 

499.8 

504.6 

509.5 

514.4 

519.3 

524.2 

529.1 

534.0 

539.0 

16 

544.0 

549.0 

554.0 

559.1 

564.2 

569.3 

574.4 

579.5 

584.6 

589.8 

17 

595.0 

600.2 

605.4 

610.7 

616.0 

621.3 

626.6 

631.9 

637  2 

642.6 

18 

648.0 

6.53  4 

658.8 

664.3 

669.8 

675.3 

680.8 

C86.3 

691.8 

69?.4 

19 

703.0 

708.6 

714.2 

719.9 

725.6 

781.3 

737.0 

742.7 

748.4 

754.2 

20 

760.0 

765.8 

771.6 

777.5 

783.4 

789.3 

795.2 

801.1 

807.0 

813.0 

21 

819.0 

825.0 

831.0 

837.1 

843.2 

849.3 

865.4 

861.5 

867.6 

873.8 

22 

880.0 

886.2 

892.4 

•  898.7 

905.0 

911.3 

917.6 

923.9 

930.2 

936.6 

23 

943.0 

949.4 

955.8 

962.3 

968.8 

975.3 

981.8 

988.3 

994.8  1001.4  1 

24 

1008.0 

1014.6 

1021.2 

1027.9 

1034.6 

1041.3  1048.0  1054.7  1061.4  1068.2 1 

25 

1075  0 

1081.8 

1088.6 

1095.5 

1102.4 

1109.3  1116.2  1123.1 

1130  0  1137.0 

26 

1144  0 

11.51.0 

1158.0 

1165  1 

1172.2 

1179  3  1186.4  1193.5  1200.6  1207.8 

27 

1215.0 

1222.2 

1229  4 

1236.7 

1244.0 

1251.3  1258.6  1265.9  1273.2  1280.6 

28 

1288.0 

1295  4 

1302.8 

1810.3 

1317.8 

1325.3  1332.8  1340.3  1347.8  1355.4 

29 

1363.0 

1370.6 

1.S78.2 

1385.9 

1393.6 

1401.3  1409.0  1416.7  1424.4  1432.2 

448    TABLE  XVII. -AREAS  OP  LEVEL  SECTIONS. 

Base,  2b  =  20  feet.    Side  slopes  1  to  1. 


C.  H. 

.0 

.1 

.2         .3 

.4 

.5 

.6 

.7 

.8 

.9 

0 

0.0 

2.0 

4.0        6.1 

8.2 

10.3 

12.4 

14.6 

16.6 

18.8 

1 

21.0 

23.2 

26.4      27.7 

30.0 

32.3 

34.6 

86.9 

39.2 

41.6 

2 

44.0 

46.4 

48.8      51.3 

53.8 

66.8 

58.8 

61.3 

63.8 

66.4 

8 

69.0 

71.6 

74.2      76.9 

79.6 

82.3 

85.0 

87.7 

90.4 

93.2 

4 

96.0 

98.8 

101.6    104.5 

107.4 

110.3 

113.2 

116.1 

119.0 

122.0 

6 

125.0 

128.0 

131.0    134.1 

137.2 

140.3 

143.4 

146.5 

149.6 

152.8 

6 

156.0 

159.2 

162.4    165.7 

169.0 

172.8 

176.6 

178.9 

182.2 

186.6 

7 

189.0 

192.4 

195.8    199.3 

202.8 

206.3 

209.8 

213.3 

216.8 

220.4 

8 

224.0 

227.6 

231.2    234.9 

2:«.6 

242.3 

246.0 

249.7 

253.4 

257.2 

9 

261.0 

264.8 

268.6    272.5 

276.4 

280.3 

284.2 

288.1 

292.0 

296.0 

10 

300.0 

304.0 

808.0    312.1 

316.2 

320.3 

324.4 

328.6 

382.6 

886.8 

11 

311.0 

345.2 

349.4    353.7 

358.0 

362.3 

366.6 

870.9 

375.2 

379.6 

12 

381.0 

388.4 

892.8    397.3 

401.8 

406.3 

410.8 

415.3 

419.8 

424.4 

13 

4i9.0 

433.6 

438.2    442.9 

447.6 

452.3 

457.0 

461.7 

466.4 

471.2 

14 

476.0 

480.8 

485.6    490.5 

495.4 

600.3 

505.2 

610.1 

515.0 

520.0 

15 

526.0 

530.0 

536.0    540.1 

545.2 

550.3 

6.'56.4 

560.5 

566.6 

570.8 

16 

576.0 

581.2 

686.4    591.7 

597.0 

602.3 

607.6 

612.9 

618.2 

623.6 

17 

629.0 

634.4 

639.8    645.3 

650.8 

666.3 

661.8 

667.3 

672.8 

678.4 

IS 

681.0 

689.6 

695.2    700.9 

706.6 

712.3 

718.0 

723.7 

729.4 

785.2 

19 

741.0 

746.8 

752.6    758.5 

764.4 

770.3 

776.2 

782.1 

788.0 

794.0 

20 

800.0 

806.0 

812.0    818.1 

824.2 

830.3 

836.4 

842.5 

848.6 

854.8 

21 

861.0 

867.2 

873.4    879.7 

886.0 

892.3 

898.6 

904.9 

911.2 

917.6 

22 

924.0 

980.4 

936.8    943.3 

949.8 

956.3 

962.8 

969.3 

975.8 

982.4 

23 

989.0 

995.6 

1002.2  1008.9  1015.6  1022.3  1029.0  1036.7  1042.4  1049.2 

24 

1056.0 

1062.8 

1069.6  1076.5  1083.4  1090.3  1097.2  1104.1  1111.0  1118.0 

25 

1125.0 

1182.0 

1189.0  1146.1 

1163.2  1160.3  1167.4  1174.5  1181.6  1188.8| 

27 

1196.0 

1203.2 

1210.4  1217.7 

1225.0 

1232.3  1239.6  1246.9  1254.2  1261.6 

26 

1269.0 

1276.4 

1283.8  1291.3  1298.8  1306.3  1313.8  1321.3  1328.8  1836.41 

28 

1344.0 

1351.6 

1859.2  1366.9 

1874.6 

1382.3  1390.0  1397.7  1405.4  1413.2 

29 

1421.0 

1428.8 

1436.6  1444.5 

1452.4 

1460.3  1468.2  1476.1  1484.0  1492.qj 

Base.  2&  =  80  feet.    Side  slopes  1  to  1. 


C.  H. 


0 
1 
2 
3 

4 

6 

6 

7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

2.-1 
26 
27 

28 
29 


.0 


.1 


.2 


.3 


.4 


.5 


.6 


,7 


.8 


.9 


0.0 

81.0 

64.0 

99.0 

136.0 

175.0 
216.0 
259.0 
304.0 
351.0 

400.0 
451 .0 
501.0 
559.0 
616.0 

675.0 
736.0 
709.0 
W')4.0 
931.0 

1000.0 
1071.0 
1144.0 
1-,'19.0 
1290.0 

1375.0 
14:>6  0 
1539.0 
1G-,M.0 
1711.0 


3.0 

34.2 

67.4 

102.6 

139.8 

179.0 
220.2 
263.4 
308.6 
855.8 

406.0 
456.2 
509.4 
564.6 
621.8 
681.0 
742.2 
805.4 
870.6 
937.8 

1007.0 
1078.2 
1151.4 
1226.6 
1303.8 


6.0 

87.4 

70.8 

106.2 

143.6 

183.0 
224.4 
267.8 
313.2 
360.6 

410.0 
461.4 
514.8 
570.2 
627.6 

687.0 
748.4 
811.8 
877.2 
914.6 

1014.0 
1085.4 
11.58.8 
1231.2 
1311.6 


13S3.0  1391.0 
1464.2  1472.4 
1517.4  15r)5.8 
1632.6  1G4I.2 
1719^1728.6 


9.1 

40.7 

74.3 

109.9 

147.5 

187.1 
228.7 
272.3 
317.9 
365.6 

415.1 
466.7 
520.3 
575.9 
633.5 

693.1 
754.7 
818.3 
883.9 
951.5 

1021.1 
1092.7 
1166.3 
1211.9 
1319.5 

1309.1 
14S0.7 
1564.3 
1619.9 
1737.5 


12.2 

44.0 

77.8 

118.6 

151.4 

191.2 

233.0' 

276.8 

.322.6 

870.4 

420.2 
472.0 
.525.8 
581.6 
639.4 

699.2 
761.0 

824.8 
890.6 
958.4 

1028.2 
1100.0 
1173.8 
1249.6 
1327.4 

1407.2 
1489.0 
1572.8 
1058.6 
1740.4 


18.4 

50.6 

84.8 

121.0 

159.2 

199.4 

241. 

285. 

332.0 

880.2 

480.4 
482.6 
536.8 
598.0 
651.2 

711.4 
773.6 
837.8 
904.0 
972.2 

1042.4 
1114.6 
1188.8 
1265.0 
i:i43.2 


15.3 

47.3 

81.3 
117.3 
155.3 

195.3 
237.3 
281.3 
327.3 
375.3 

425.3 
477.3 
531.3 
587.3 
645.3 

705.3 
767.3 
831.3 
897.3 
966.3 

1035.3 
1107.3 
1181.3 
1257.3 
1335.3 

1415.3  1423.4 
1497.3  1505.6 
1581.3^589.8 
1667.3  1676.0 
1755.3  1764.2 


21.5 

63.9 

88.3 

124.7 

163.1 

208.5 
245.9 
290.3 
836.7 
885.1 

485.5 
487.9 
542.8 
598.7 
657.1 

717.5 
779.9 
844.3 
910.7 
979.1 

1049.5 
1121.9 
1196.3 
1272.7 
1361.1 

1431 .5 
1513.9 
1598.3 
1684.7 
1778.1 


24.6 

57.8 

91.8 

128.4 

167.0 

207.6 
2S0.2 
294.8 
341.4 
390.0 

440.6 
498.8 
547.8 
604.4 
663.0 

723.6 
786.8 
850.8 
917.4 
986.0 

1066.6 
1129.8 
1203.8 
1280.4 
1359.0 

1439.6 
1522.8 
1606.8 
1608.4 
1782.0 


87.8 

00.6 

96.4 

188.8 

171.0 

811.8 
854.6 
899.4 
846.8 
806.0 

445.8 
496.6 
5SS.4 

610.8 
669.0 

789.8 
798.6 

994.8 
t.O 


1068.8 
1186.6 
1811.4 
1888.8 
1307.0 

1447.8 
1580.6 
1616.4 
1708.8 
1791.0 


TABLE  XVIL 
Base^Sd 


-AREAS  OF  LEVEL  SECTIONS.    449 
=  16  feet.    Side  slopes  i  to  1. 


C.H. 

.0 

.1 

.2 

.3 

.4 

.6 

.6 

.7 

.8 

.9 

0 

0.0 

1.6 

3.2 

4.8 

6.4 

8.1 

9.7 

11.3 

13.0 

14.6 

1 

16.8 

17.9 

19.6 

21.2 

22.9 

24.6 

26.2 

27.9 

29.6 

31.3 

2 

88.0 

84.7 

86.4 

38.1 

39.8 

41.6 

48.3 

45.0 

46.8 

48.5 

« 

50.8 

52.0 

58.8 

55.5 

57.3 

59.1 

60.8 

62.6 

64.4 

66.2 

4 

68.0 

69.8 

71.6 

73.4 

75.2 

77.1 

78.9 

80.7 

82.6 

84.4 

6 

86.3 

88.1 

90.0 

91.8 

93.7 

95.6 

97.4 

99.3 

101.2 

103.1 

6 

105.0 

106.9 

106.8 

110.7 

112.6 

114.6 

116.5 

118.4 

120.4 

122.3 

7 

124.3 

126.2 

126.2 

130.1 

132.1 

134.1 

136.0 

138.0 

140.0 

142.0 

8 

144.0 

146.0 

148.0 

150.0 

152.0 

154.1 

156.1 

158.1 

160.2 

162.2 

9 

164.3 

166.3 

168.4 

170.4 

172.5 

174.6 

176.6 

178.7 

180.8 

182.9 

10 

185.0 

187.1 

189.2 

191.3 

193.4 

195.6 

197.7 

199.8 

202.0 

204.1 

11 

206.8 

206.4 

210.6 

212.7 

214.9 

217.1 

219.2 

221.4 

223.6 

225.8 

12 

228.0 

230.2 

232.4 

234.6 

286.8 

239.1 

241.3 

243.5 

245.8 

248.0 

18 

250.3 

252.5 

254.8 

257.0 

259.3 

261.6 

263.8 

266.1 

268.4 

270.7 

14 

273.0 

276.8 

277.6 

279.9 

282.2 

284.6 

286.9 

289.2 

291.6 

293.9 

16 

296.3 

298.6 

301.0 

303.8 

305.7 

308.1 

310.4 

312.8 

315.2 

317.6 

16 

820.0 

322.4 

324.8 

327.2 

829.6 

332.1 

334.5 

886. 9 

389.4 

341.8 

17 

844.8 

346.7 

349.2 

351.6 

354.1 

356.6 

359.0 

361.5 

364.0 

366.5 

18 

869.0 

871.5 

874.0 

876.5 

379.0 

881.6 

884.1 

386.6 

389.2 

391.7 

19 

894.8 

896.8 

899.4 

401.9 

404.5 

407.1 

409.6 

412.2 

414.8 

417.4 

20 

420.0 

422.6 

425.2 

427.8 

430.4 

433.1 

435.7 

438.8 

441.0 

443.6 

21 

446.3 

448.9 

451.6 

454.2 

456.9 

459.6 

462.2 

464.9 

467.6 

470.8 

22 

478.0 

475.7 

478.4 

481.1 

483.8 

486.6 

489.3 

492.0 

494.8 

497.5 

28 

500.3 

503.0 

505.8 

508.5 

511.3 

514.1 

516.8 

519.6 

522.4 

525.2 

24 

52S.0 

530.8 

533.6 

536.4 

539.2 

542.1 

544.9 

547.7 

550.6 

553.4 

26 

556.3 

559.1 

662.0 

564.8 

567.7 

570.6 

573.4 

576.8 

579.2 

582.1 

26 

585.0 

587.9 

590.8 

593.7 

596.6 

599.6 

602.5 

605.4 

608.4 

611.3 

27 

614.8 

617.2 

620.2 

628.1 

626.1 

629.1 

632.0 

635.0 

638.0 

641.0 

28 

644.0 

647.0 

650.0 

653.0 

656.0 

659.1 

666.1 

665.1 

668.2 

671.2 

29 

674.8 

677.3 

680.4 

683.4 

686.5 

689.6 

692.6 

695.7 

698.8 

701.9 

Base,  26 

=  18  feet.    Side  slopes  J  to  1. 

C.H. 

.0 

.1 

.2 

.3 

.4 

.6 

.6 

.7 

.8 

.9 

0 

0.0 

1.8 

8.6 

6.4 

7.2 

9.1 

10.9 

12.7 

14.6 

16.4 

1 

18.8 

20.1 

22.0 

23.8 

25.7 

27.6 

29.4 

31.3 

33.2 

35.1 

2 

37.0 

38.9 

40.8 

42.7 

44.6 

46.6 

48.5 

50.4 

52.4 

54.8 

8 

56.8 

58.2 

60.2 

62.1 

64.1 

66.1 

68.0 

70.0 

.0 

74.0 

4 

76.0 

78.0 

80.0 

82.0 

84.0 

86.1 

88.1 

90.1 

.2 

94.2 

6 

96.3 

98.3 

100.4 

102.4 

104.5 

106.6 

106.6 

110.7 

112.8 

114.9 

6 

117.0 

119.1 

121.2 

123.3 

125.4 

127.6 

129.7 

131.8 

134.0 

136.1 

7 

138.8 

140.4 

142.6 

144.7 

146.9 

149.1 

151.2 

153.4 

155.6 

157.8 

8 

1«0.0 

162.2 

164.4 

166.6 

168.8 

171.1 

173.3 

175.5 

177.8 

180.0 

9 

182.3 

184.5 

186.8 

189.0 

191.3 

193.6 

195.8 

198.1 

200.4 

202.7 

10 

205.0 

207.3 

209.6 

211.9 

214.2 

216.6 

218.9 

221.2 

223.6 

225.9 

11 

228.8 

230.6 

233.0 

235.3 

237.7 

240.1 

242.4 

244.8 

247.2 

249.6 

12 

252.0 

254.4 

256.8 

259.2 

261.6 

264.1 

266.5 

268.9 

271.4 

273.8 

18 

276.8 

278.7 

281.2 

283.6 

286.1 

288.6 

291.0 

293.6 

296.0 

298.5 

14 

301.0 

303.5 

306.0 

308.5 

311.0 

313.6 

316.1 

318.6 

321.2 

323.7 

15 

326.3 

328.8 

331.4 

333.9 

336.5 

339.1 

341.6 

344.2 

346  8 

849.4 

16 

352.0 

354.6 

357.2 

359.8 

362.4 

365.1 

367.7 

370.3 

373  0 

875.6 

17 

378.8 

380.9 

383.6 

386.2 

388.9 

391.6 

394.2 

896.9 

3v>9.6 

402.3 

18 

405.0 

407.7 

410.4 

413.1 

415.8 

418.6 

421.3 

424  0 

4^6.8 

429.5 

19 

432.3 

435.0 

437.8 

440.5 

443.3 

446.1 

448.8 

451.6 

454.4 

457.2 

20 

460.0 

462.8 

465.6 

468.4 

471.2 

474.1 

476.9 

479.7 

482.6 

485.4 

21 

486.8 

491.1 

494.0 

496.8 

499.7 

502.6 

505.4 

508.3 

511.2 

514.1 

22 

517.0 

519.9 

582.8 

525.7 

528.6 

531.6 

534.5 

537.4 

540.4 

543.3 

23 

546.3 

549.2 

552.2 

555.1 

558.1 

561.1 

564.0 

567.0 

570.0 

573.0 

24 

576.0 

579.0 

582.0 

585.0 

588.0 

591.1 

594.1 

597.1 

600.2 

603.2 

26 

606.3 

609.3 

612.4 

615.4 

618.5 

621.6 

624.6 

627.7 

630.8 

633.9 

26 

687.0 

640.1 

643.2 

646.3 

649.4 

652.6 

655.7 

658.8 

662.0 

665.1 

27 

668.8 

671.4 

674.6 

677.7 

680.9 

684.1 

687.2 

690.4 

693.6 

696.8 

28 

700.0 

708.8 

706.4 

709.6 

712.8 

716.1 

719.3 

722.6 

725.8 

729.0 

29 

782.3 

736.5 

738.8 

J&SJi^lJ&L 

761.8 

755.1 

758.4 

761.7 

»--''- 

,0 

.1 

.3 

-S 

.4 

.6 

.6 

.1 

.8 

.9 

°d 

0.0 

0.1 

i.a 

0.3 

0.4 

0.5 

0.7 

1.0 

l.S 

1S.5 

14.4 

1fl.4 

Ml  .7 

S3.S 

73.6 

IMI 

77. H 

■n.v 

m.B 

B1..1 

S3S 

IM.8 

m.-i 

IBl.B 

191. a 

IBS. 4 

201.9 

sw.a 

aw.B 

BIDE 

SLOPEB 

TOl 

h„-ft. 

.0 

.1 

■« 

.4 

.s 

.« 

.1 

.8 

.» 

; 

0.0 

J:! 

ii 

f;j 

;l 

ais 

s:i 

H 

9.0 

4S.0 

IMl.U 

»«-*. 

.0 

.1 

.B 

.S 

.4 

.5 

.6 

.J 

.6 

-a 

!■! 

I'i 

!■! 

Vi 

O.I 

J-l 

H 

6.1 

3S.9 

SB.l 

S8.8 

w.t 

SI.) 

33.6 

as. 3 

ae. 

" 

N.e 

n.% 

BID«H 

LOPES 

TOl 

h^-h. 

.0 

.1 

.i 

.8 

.4 

.6 

.» 

.8 

.1 

0 
3 

o:a 

23 

o!a 

0.4 

8'(l 

0.0 

s:7 

0.0 

It 

l1 

»:4 

0.1 

ii 

40 

nA 

K,5 

KM 

1H.» 

80.«_ 

J!1.4 

Si  .5 

M.«. 

_21S 

SL» 

rABLB  XIX.— CU.  YDS. 

PER  100  PT 

SLOPES  K  TO  1. 

451 

"l. 

Width  u(  base  (=261  in  foet. 

1* 

It 

» 

JD 

11 

M 

» 

U 

SO 

- 

■ 

'.i 
'.1 

A 

'.i 

i 

.1 

'.s 

:» 
i 

'.i 
'.a 

I 
X 

1 

1 

M 
101 

14( 

1 

22! 

24< 
»t 

CT 
US 

m 

•at 

Ml 

1 

3U 

* 
1 

2! 
31 

a. 

71 

lo; 
im 

1 
1 

2i: 

!» 

37* 
W. 
30i 

221 

m 
ssj 
;t8i 

3JI 

13  4 

ao.i 

li 

07,8 
S8:2 

137  :q 

2a7:» 

2M:7 

2HS.S 
2W.3 

3h: 

J2e! 

Ml! 
3M.1 

402. t 

41  .1 

42  .& 

22. 
62. 

7s:o 

m.it 

Sfl.S 
'30^9 

■at'.b 

262,  fl 
2M;9 
31fi,3 

as2;i 

370:0 
401,0 
43S:» 

41 

10; 

l« 
101 
22t 

271 
28; 
30! 

1 

37; 
30^ 
411 

43< 

47t 

il; 

17.8 
43:7 

SI 

1080 

isi:s 
2o»:3 

|i 

275:0 

ii! 

333,1 

3B0.1 
400:0 

44S:o 

477,4 

Ii 

SS6,7 

4f 

si 
10; 

14( 

181 

206 
216 
22( 

25t 

2«! 
307 

1 

3K 
3M 

40t 

42( 
431 

40! 
473 
483 
4H 

S45 

1 

6« 

ac 
ss 

62 

!1 

145 

ISS 
2« 

221 

2flS 

2!ie 

1 

330 

371 
3M 

42E 

4GI 

isa 

4fli: 

i 
1 

1 

ft5B 

33:4 

Is 

80.3 

iia:o 
134:7 

08:s 

ors 
225:0 

is 
M 

ui.i 

3S8'b 

423:8 

471,1 
408:8 

sm:o 

400,7 
630:i 

i:l 

47. 

m: 
le?:? 

|i 

243.0 

380:7 
302. 

i;i 

4O0,S 
438: 

488:1 
301.  S 
326: 

1^1 

002,9 
615,7 

m.i 
wt. 

B7B,S 
U2.7 
704,0 
718,4 

452    TABLEXix.— cu.  YDS.  periOOft.  slopes  J4  to  I. 


4M.a 


ui.e 

67H  i 


TABLE  3nX.—CU.  YDS.  PER  100  FT.   SLOPES  >i  TO  1.     453 


Ht 
Ft 

WidlhofbBae{  =  2Wiorc=t.                                      | 

U 

i« 

It 

10 

» 

14 

» 

u 

» 

ss 

12.. 
18. 
14.1 

!s 

.B 
15.0 

7 
B 

U 
25 

36 
27 

! 

1 

13 

no'.' 

792. S 
BOO. 4 
S07.1 

Ml  J 

83i:i 
SW.fl 

MO. 8 

Ss 

862'3 

S.1 

1097 
1407 

i 
a 

21W 
2607 

2M9 
S0B7 

S 

i 

860! 

seo. 

877. 

i- 

960; 

,l 

1019. 
1046! 

11 
1 

2187 
2385 
2ai! 

i 

3m 

OBBJ 

m.i 
im. 

1032. 

im: 
im'. 

1304 

i 
1 

3337 

SHOO 
wos 

1290 
4726 

ii 

me!' 
iios! 
use! 

i 

128fl,C 

i3og!3 

1033 
1712 

1 

1207 
1»D7 

m2 

5203 

142: 

1  ia.\ 

li; 

laos!; 

1  IS.  7 
1228, 

iji?: 
i2m: 

1322! 

13m! 
i3e  '.s 

14D8.' 
113  '.S 

1767 

2241 
2364 

21110 

4588 
6210 

1233! 
I2e7;( 

Si 

1312,0 

SI 
1 

142s:b 

1*37.4 
ins.! 

im': 

1530,'i 
1M1.7 

177B 

2275 

2987 
2801 

421S 
4400 
471S 

S3«7 

1300. 

1338: 

1372: 
1381. 

iios: 

1420. 

iisa: 

14B3: 
1629: 

isfis:. 

1603:; 

1862:1 

1D05 

2208 
2131 

284* 
20S8 

3130 
3276 

1 

i 

4S31 
1998 

1 

a 

13W. 

i47e: 

1SS6; 
1807: 

j|; 

1737:6 
1703:9 

2730 

3022 
3171 

3322 

1 

3911 
267 

70J 

1 

S98fl 

1180. 
1620; 

1573: 

Jl 
11 

1833: 

1817,: 

1875  :i 

2015 
2300 

2SB3 

3200 
3357 

i 

1001 

1334 
1501 

5023 

M90 
6876 

I559.fi 
1507:9 

1810:i 
1654  6 

1683:1 
1897.2 

ill 
if 

I8I0: 

j|l 

1927:* 

Si 

2283 
^133 

2741 

1 

3707 

1 

91D 
BIDO 
5282 

5487 
5653 

8031 

0611 
7007 

454    TABLE  XIX.— CU.  YDS.  PER  100  FT.  SIDE  SLOPES  J^  TO  1. 


Ht. 

in 

Ft. 

b.l 

Width  of  base  (  =26)  in  feet.                                      | 

14 

16 

18 

SO 

22 

24 

26 

28 

80 

82 

5.2 

5.9 

6.7 

7.5 

8.2 

8.9 

9.6 

10.4 

U.l 

11.9 

.2 

10.4 

11.9 

13.4 

14.9 

16.3 

17.8 

19.3 

20.8 

22.3 

23.8 

.3 

15.7 

17.9 

20.2 

22.4 

21.6 

26.8 

29.1 

31.3 

33.5 

35.7 

.4 

21.0 

24.0 

27.0 

29.9 

32.8 

35.8 

38.8 

41.8 

44.7 

47.7 

.5 

26.4 

30.1 

33.8 

37.5 

41.2 

44.9 

48.6 

52.3 

56.0 

59.7 

.6 

31.8 

36.2 

40.7 

45.1 

49.6 

54.0 

58.4 

62.9 

67.3 

71.8 

.7 

37.2 

42.4 

47.6 

52.8 

58.0 

63.2 

68.3 

73.5 

78.7 

83.9 

.8 

42.7 

48.6 

54.5 

60.5 

66.4 

72.3 

78.3 

84.2 

90.1 

96.0 

.9 

48.2 

54.8 

61.5 

68.2 

74.8 

81.5 

88.2 

94.8 

101.5 

108.2 

1.0 

53.7 

61.1 

68.5 

75.9 

83.3 

90.7 

98.2 

105.6 

113.0 

120.4 

1.1 

59.3 

67.4 

75.6 

83.7 

91.9 

100.0 

108.2 

116.3 

124.5 

132.6 

.2 

64.9 

73.8 

82.7 

91.6 

100.6 

109.3 

118.2 

127.1 

136.0 

141.9 

.3 

70.5 

80.2 

89.8 

99.4 

109.1 

118.7 

128.3 

138.0 

147.6 

167.2 

.4 

76.2 

86.6 

97.0 

107.3 

117.7 

128.1 

138.4 

148.8 

159.2 

169.6 

.5 

81.9 

93.1 

104.2 

115.3 

126.4 

137.6 

148.6 

159.7 

170.8 

181.9 

.6 

87.7 

100.0 

111.4 

123.3 

135.1 

147.0 

158.8 

170.7 

182.5 

194.4 

.7 

93.5 

106.1 

118.7 

131.3 

143.9 

156.5 

169.0 

181.6 

194.2 

206.8 

.8 

99.3 

112.7 

126.0 

139.3 

152.7 

166.0 

179.3 

192.7 

206.0 

219.3 

.9 

105.2 

119.3 

133.3 

147.4 

161.5 

175.6 

189.6 

203.7 

217.8 

231.8 

2.0 

111.1 

125.9 

140.7 

155.5 

170.4 

185.2 

200.0 

214.8 

229.6 

244.4 

2.1 

117.1 

132.6 

148.2 

163.7 

179.3 

194.8 

210.4 

225.9 

241.5 

257.1 

.2 

123.0 

139.3 

155.6 

171.9 

188.2 

204.5 

220.8 

237.1 

253.4 

269.7 

.3 

129.1 

146.1 

163.1 

180.2 

197.2 

214.2 

231.2 

248.3 

265.3 

282.3 

.4 

135.1 

152.9 

170.7 

188.4 

206.2 

224.0 

241.7 

259.5 

277.3 

295.1 

.5 

141.2 

159.7 

178.2 

196.7 

215.2 

233.8 

252.3 

270.8 

289.3 

807.8 

.6 

147.3 

166.6 

185.9 

205.1 

223.4 

242.6 

261.9 

281.2 

300.4 

319.7 

.7 

153.5 

173.5 

193.5 

213.5 

233.5 

253.5 

273.5 

293.6 

313.6 

888.7 

.8 

159.7 

180.4 

201.2 

221.9 

242.7 

263.4 

284.1 

304.9 

325.6 

846.4 

.9 

165.9 

187.4 

208.9 

230.4 

251.9 

273.3 

294.8 

316.3 

337.8 

869.3 

3.0 

172.2 

194.4 

216.7 

238.9 

261.1 

283.3 

305.6 

327.8 

350.0 

872.2 

3.1 

178.5 

201.5 

224.5 

247.4 

270.4 

293.3 

316.3 

339.3 

362.2 

885.2 

.2 

184.9 

208.6 

232.3 

256.0 

279.7 

303.4 

327.1 

350.8 

374.5 

896.2 

.3 

191.3 

215.7 

240.2 

264.6 

289.1 

313.5 

337.9 

362.4 

386.8 

411.3 

.4 

197.7 

222.9 

248.1 

273.2 

298.4 

323.6 

348.8 

374.0 

399.2 

424.4 

.5 

204.2 

230.1 

256.0 

281.9 

307.9- 

333.8 

359.7 

385.6 

411.6 

437.5 

.6 

210.7 

237.3 

264.0 

290.7 

317.3 

344.0 

370.7 

397.3 

424.0 

450.7 

.7 

217.2 

244.6 

272.0 

299.4 

326.8 

354.2 

381.6 

409.0 

436.4 

463.8 

.8 

223.8 

251.9 

280.1 

308.2 

336.3 

364.5 

392.6 

420.8 

448.9 

477.1 

.9 

230.4 

259.3 

288.2 

317.0 

345.9 

374.8 

403.7 

432.6 

461.4 

490.8 

4.0 

237.0 

266.7 

296.3 

325.9 

355.5 

385.1 

414.8 

444.4 

474.0 

603.7 

4.1 

243.7 

274.1 

304.4 

334.8 

365.2 

395.5 

425.9 

456.2 

486.6 

517.0 

.2 

250.4 

281.5 

312.6 

343.7 

374.8 

405.9 

437.0 

468.2 

499.3 

530.4 

.3 

257.2 

289.1 

320.9 

352.8 

384.6 

416.5 

448.3 

480.2 

512.0 

543.9 

.4 

264.0 

296.6 

329.2 

361.8 

394.4 

427.0 

459.5 

492.1 

524.7 

557.8 

.5 

270.8 

304.2 

337.5 

370.8 

404.2 

437.5 

470.8 

504.1 

537.5 

570.8 

.6 

277.7 

311.8 

345.8 

379.9 

414.0 

448.1 

482.1 

516.2 

550.3 

584.8 

.7 

284.6 

319.4 

354.2 

389.0 

423.8 

458.7 

493.5 

528.3 

563.1 

597.9 

.8 

291.6 

327.1 

362.7 

398.2 

433.8 

469.3 

504.9 

540.4 

576.0 

611.5 

.9 

298.5 

334.8 

371.1 

407.4 

443.7 

480.0 

516.3 

552.6 

588.9 

625.2 

5.0 

305.6 

342.6 

379.6 

416.7 

453.7 

490.7 

527.7 

564.8 

601.8 

6S8.9 

5.1 

312.6 

350.4 

388.2 

425.9 

463.7 

501.5 

539.3 

677.0 

614.8 

658.6 

.2 

319.7 

358.2 

396.7 

435.2 

473.8 

512.3 

550.8 

689;3 

627.8 

666.3 

.3 

326.8 

366.1 

405.3 

444.6 

483.8 

523.1 

562.3 

601.6 

640.8 

680.1 

.4 

334.0 

374.0 

414.0 

454.0 

494.0 

534.0 

573.9 

613.9 

653.9 

603.9 

.5 

341.2 

381.9 

422.7 

463.4 

504.1 

544.9 

5H5.6 

626.3 

667.0 

707.8 

.6 

348.4 

3S9.9 

431.4 

472.9 

514.3 

555.8 

597.3 

638.7 

680.2 

721.7 

.7 

355.7 

397.9 

440.2 

4S2.4 

524.6 

506.8 

609.0 

651.3 

603.5 

735.7 

.8 

303.0 

406.0 

449.0 

491.2 

5:54.9 

577.8 

620.8 

663.8 

706.7 

749.7 

.9     370.4 

414.1 

457.8 

501.5 

545.2 

5S8.9 

632.6 

676.3 

720.0 

761.7 

6.0  1  377.8     422.2 

466.7 

511.1 

555.6 

600.0 

614.4 

688.9 

733  8 

777.8 
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It 

IG 

IB 

30 

13 

34 

S6 

M 

30 

31 
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'-i 

:: 
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U.l 
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.a 

i 

.» 
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IS 
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1 

i 

lb 
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SI 
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1935 
2074 

2513 
2667 

2985 

1 

4030 

4002 
4800 

S41T 
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1203.1 
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TABLE  XIX.—CU.  YDS.  PEB  100  FT.  SLOPES  1  TO  1.       457 


Ht. 

in 
Ft. 

Width  of  base  ( =26)  in  feet. 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

0.1 

5.2 

6.0 

6.7 

7.4 

8.2 

8.9 

9.7 

10.4 

11.1 

11.9 

.2 

10.5 

12.0 

13.5 

15.0 

16.4 

17.9 

19.4 

20.9 

22.4 

23.9 

.3 

15.9 

18.1 

20.3 

22.6 

24.8 

27.0 

29.2 

31.4 

33.7 

35.9 

.4 

21.3 

24.3 

27.3 

30.2 

33.2 

36.1 

39.1 

42.1 

45.0 

48.0 

.5 

26.9 

30.6 

34.3 

38.0 

41.7 

45.4 

49.1 

52.8 

56.5 

60.2 

.6 

32.4 

36.9 

41.3 

45.8 

50.2 

54.7 

59.1 

63.5 

68.0 

72.4 

.7 

38.1 

43.3 

48.5 

53.7 

58.9 

64.1 

69.3 

74.4 

79.6 

84.8 

.8 

43.9 

49.8 

55.7 

61.6 

67.6 

73.5 

79.4 

85.4 

91.3 

97.2 

.9 

49.7 

56.3 

63.0 

69.7 

76.3 

83.0 

89.7 

96.3 

103.0 

109.7 

1.0 

55.6 

63.0 

70.4^ 

77.8 

85.2 

92.6 

100.0 

107.4 

114.8 

122.3 

1.1 

61.5 

69.7 

77.8 

86.0 

94.1 

102.3 

110.4 

118.6 

126.7 

134.9 

.2 

67.6 

76.5 

85.3 

94.2 

103.1 

112.0 

120.9 

129.8 

138.7 

147.6 

.3 

73.7 

83.3 

92.9 

102.6 

112.2 

121.8 

131.5 

141.1 

150.7 

160.3 

.4 

79.8 

90.2 

100.6 

110.9 

121.3 

131.7 

142.1 

152.4 

162.8 

173.2 

.6 

86.1 

97.2 

108.3 

119.4 

130.6 

141.7 

152.8 

163.9 

175.0 

186.1 

.6 

92.4 

104.3 

116.1 

128.0 

139.8 

151.7 

163.5 

175.4 

187.2 

199.1 

.7 

98.9 

111.4 

124.0 

136.6 

149.2 

161.8 

174.4 

187.0 

199.6 

212.2 

.8 

105.3 

118.7 

132.0 

145.3 

158.7 

172.0 

185.3 

198.7 

212.0 

225.3 

.9 

111.9 

126.0 

140.0 

154.1 

168.2 

182.2 

196.3 

210.4 

224.5 

238.5 

2.0 

118.5 

133.3 

148.1 

163.0 

177.8 

192.6 

207.4 

222.2 

237.0 

251.8 

2.1 

125.2 

140.8 

156.3 

171.9 

187.4 

203.0 

218.5 

234.1 

249.6 

265.2 

.2 

132.0 

148.3 

164.6 

180.9 

197.2 

213.5 

229.7 

246.0 

262.3 

278.6 

.3 

138.9 

155.9 

172.9 

189.9 

207.0 

224.0 

241.0 

258.1 

275.1 

292.1 

4 

145.8 

163.6 

181.3 

199.1 

216.9 

234.6 

252.4 

270.2 

287.9 

305.7 

.5 

152.8 

171.3 

189.8 

208.3 

226.8 

245.3 

263.8 

282.4 

300.9 

319.4 

.6 

159.8 

179.1 

198.4 

217.6 

236.9 

2.56. 1 

275.4 

294.7 

313.9 

333.2 

.7 

167.0 

187.0 

207.0 

227.0 

247.0 

267.0 

287.0 

307.0 

327.0 

347.0 

.8 

174.2 

195.0 

215.7 

236.4 

257.2 

277.9 

298.7 

319.4 

340.1 

360.9 

.9 

181.5 

203.0 

224.5 

246.0 

267.4 

288.9 

310.4 

331.9 

353.4 

374.8 

3.0 

188.9 

211.1 

233.3 

255.6 

277.8 

300.0 

322.2 

344.4 

366.7 

388.9 

3.1 

196.3 

219.3 

242.3 

265.2 

288.2 

311.1 

334.1 

357.1 

380.0 

403.0 

.2 

203.9 

227.6 

251.3 

275.0 

298.7 

322.4 

346.1 

369.8 

393.5 

417.2 

.3 

211.4 

235.9 

260.3 

284.8 

309.2 

333.7 

358.1 

382.5 

407.0 

431.4 

A 

219.1 

244.3 

269.5 

294.7 

319.8 

345.0 

370.2 

395.4 
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445.7 

.5 
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252.8 

278.7 

304.6 

330.5 

356.5 

382.4 

408.3 

434.2 

460.1 

.6 

234.7 

261.3 

288.0 

314.7 

341.3 

368.0 

394.6 

421.3 

448.0 

474.6 

.7 

242.6 

270.0 

297.4 

324.8 

352.2 

379.6 

407.0 

434.4 

461.8 

489.2 

.8 

250.5 

278.7 

306.8 

334.9 

363.1 

391.2 

419.4 

447.6 

475.7 

503.9 

.9 

25S.6 

287.4 

316.3 

345.2 

374.1 

403.0 

431.8. 

460.7 

489.6 

518.5 

4.0 

266.7 

296.3 

325.9 

355.5 

385.2 

414.8 

444.4 

474.0 

503.6 

533.3 

4.1 

274.9 

305.2 

335.6 

365.9 

396.3 

426.7 

457.0 

487.4 

517.7 

548.1 

.2 

283.1 

314.2 

345.3 

376.4 

407.5 

438.6 

469.7 

500.8 

531.9 

563.0 

.3 

291.4 

323.3 

355.1 

387.0 

418.8 

450.7 

482.5 

514.4 

546.2 

578.1 

.4 

299.9 

332.4 

365.0 

397.6 

430.2 

462.8 

495.4 

528.0 

560.6 

593.2 

.5 

308.3 

341.7 

375.0 

408.3 

441.7 

475.0 

508.3 

541.6 

575.0 

608.3 

.6 

316.9 

351.0 

385.0 

419.1 

453.2 

487.2 

521.3 

555.4 

589.5 

623.5 

.7 

325.5 

360.3 

395.1 

430.0 

464.8 

499.6 

534.4 

569.2 

604.0 

638.8 

.8 

334.2 

369.8 

405.3 

440.9 

476.4 

512.0 

547.5 

583.1 

618.6 

654.2 

.9 

343.0 

379.3 

415.6 

451.9 

488.2 

524.5 

560.7 

1597.0 

633.3 

669.6 

5.0 

351.9 

388.9 

425.9 

462.9 

500.0 

537.0 

574.0 

611.1 

648.1 

685.2 

5.1 

360.8 

398.6 

436.3 

474.1 

511.9 

549.6 

587.4 

625.2 

662.9 

700.7 

•  Z 

369.8 

408.3 

446.8 

485.3 

523.8 

562.3 

600.8 

639.4 

677.9 

716.4 

.3 

378.9 

418.1 

457.4 

496.6 

535.9 

575.1 

614.4 

653.6 

692.9 

732.1 

.4 

388.0 

428.0 

468.0 

507.0 

548.0 

588.0 

627.9 

667.9 

707.9 

747.9 

.5 

397.2 

438.0 

478.7 

519.4 

560.1 

600.9 

641.6 

682.3 

723.1 

763.8 

.6 

406.5 

448.0 

489.5 

503.9 

572.4 

613.9 

655.3 

696.8 

738.3 

779.8 

.7 

415.9 

458.1 

500.3 

542.6 

584.8 

627.0 

669.2 

711.4 

753.7 

795.9 

.8 

425.3 

468.3 

511.3 

554.2 

597.2 

640.1 

683.1 

726.1 

769.0 

812.0 

.9 

434.9 

478.6 

522.3 

566.0 

609.7 

653.4 

697.1 

740.8 

784.5 

828.2 

6.0 

444.4 

488.9 

533.3 

577.8 

622.2 

666.7 

711.1 

755.6 

800.0 

844.4 

458      TABLE  XIX.— Cir.  YDS.  PER  100  FT.  SLOPES  1  TO  1. 


Ht. 

in 

Ft. 

6.1 

Width  of  base  (  =26)  in  feet. 

14 

16 

18 

80 

22 

24 

26 

28 

80 

S2 

454.1 

499.3 

544.6 

589.7 

634.8 

680.0 

725.2 

770.4 

816.6 

860.8 

.2 

463.9 

509.8 

555.7 

601.6 

647.6 

693.5 

734.4 

786.4 

831.3 

877.2 

.3 

473.7 

520.3 

567.0 

613.7 

660.3 

707.0 

753.7 

800.3 

847.0 

893.7 

.4 

483.6 

531.0 

578.4 

625.8 

673.2 

720.6 

768.0 

816.4 

862.8 

910.2 

.6 

493.5 

641.7 

589.8 

638.0 

686.1 

734.3 

782.4 

830.6 

878.7 

926.9 

.6 

503.6 

552.5 

601.3 

650.2 

699.1 

748.0 

796.9 

846.8 

894.7 

943.6 

.7 

513.7 

563.3 

612.9 

662.6 

712.2 

761.8 

811.6 

861.1 

910.7 

960.3 

.8 

523.9 

574.2 

624.6 

675.0 

725.3 

775.7 

826.1 

876.4 

926.8 

977.2 

.9 

534.1 

585.2      636.3 

687.4 

738.6 

789.7 

840.8 

891.9 

943.0 

994.1 

7.0 

544.4 

696.3 

648.1 

700.0 

761.8 

803.7 

856.6 

907.4 

969.2 

1011.1 

7.1 

554.9 

607.4 

660.0 

712.6 

7.65.2 

817.8 

870.4 

923.0 

975.6 

1028.2 

.2 

565.3 

618.7 

672.0 

725.3 

778.7 

832.0 

886.3 

938.6 

992.0 

1045.3 

.3 

675.9 

630.0 

684.0 

738.1 

792.2 

846.2 

900.3 

954.4 

1008.5 

1062.6 

.4 

586.5 

641.3 

696.1 

751.0 

805.8 

860.6 

915.4 

970.2 

1025.0 

1079.8 

.6 

597.2 

662.8 

708.3 

763.9 

819.5 

875.0 

930.6 

986.1 

1041.7 

1097.2 

.6 

608.0 

664.3 

720.6 

776.9 

833.2 

889.5 

946.8 

1002.1 

1058.4 

1114.7 

.7 

618.9 

675.9 

732.9 

790.0 

847.0 

904.1 

961.1 

1018.1 

1075.2 

1132.2 

.8 

629.8 

686.6 

744.3 

801.1 

859.9 

917.7 

976.4 

1033.2 

1091.0 

1148.8 

.9 

640.8 

699.3 

757.8 

816.3 

874.8 

933.3 

991.8 

1050.4 

1108.9 

1167.4 

8.0 

651.9 

711.1 

770.4 

829.6 

888.9 

948.2 

1007.4 

1066.7 

1125.9 

1185.2 

8.1 

663.0 

723.0 

783.0 

843.0 

903.0 

963.0 

1023.0 

1083.0 

1143.0 

1203.0 

.2 

674.2 

735.0 

795.7 

856.4 

917.2 

977.9 

1038.7 

1099.4 

1160.1 

1220.9 

.3 

685.5 

747.0 

808.5 

870.0 

931.4 

992.9 

1054.4 

1116.9 

1177.4 

1238.8 

.4 

696.9 

759.1 

821.3 

883.5 

945.8 

1008.0 

1070.2 

1132.4 

1194.7 

1256.9 

.5 

708.3 

771.3 

834.3 

897.2 

960.2 

1023.1 

1086.1 

1149.1 

1212.0 

1275.0 

.6 

719.9 

783.6 

847.3 

911.0 

974.7 

1038.4 

1102.1 

1166.8 

1229.5 

1283.2 

.7 

731.4 

795.9 

860.3 

924.8 

989.2 

1053.6 

1118.1 

1182.5 

1247.0 

1311.4 

.8 

743.1 

808.3 

873.5 

938.7 

1003.8 

1069.0 

1134.2 

1199.4 

1264.6 

1329.7 

■   .9 

754.9 

820.8 

886.7 

952.6 

1018.5 

1084.6 

1160.4 

1216.3 

1282.2 

1348.1 

9.0 

766.7 

833  3 

900.0 

966.7 

1033.3 

1100.0 

1166.7 

1233.3 

1300.0 

1366.7 

9.1 

778.6 

846.0 

913.4 

980.8 

1048.2 

1115.6 

1183.0 

1260.4 

1317.8 

1386.3 

.2 

790.5 

858.7 

926.8 

995.0 

1063.1 

1131.3 

1199.4 

1267.6 

1335.7 

1403.9 

.3 

802.6 

871.5 

940.3 

1009.2 

1078.1 

1147.0 

1215.9 

1284.8 

1363.7 

1422.6 

.4 

814.7 

884.3 

953.9 

1023.6 

1093.2 

1162.8 

1232.6 

1302.1 

1371.7 

1441.3 

.5 

826.9 

897.2 

967.6 

1038.0 

1108.3 

1178.7 

1249.1 

1319.4 

1389.8 

1460.2 

.6 

839.1 

910.2 

981.3 

1052.4 

1123.6 

1194.7 

1265.8 

1336.9 

1408.0 

1470.1 

.7 

851.4 

923.3 

995.1 

1067.0 

1138.8 

1210.7 

1282.6 

1354.4 

1426.2 

1498.1 

.8 

863.9 

936.4 

1009.0 

1081.6 

1154.2 

1226.8 

1299.4 

1372.0 

1444.6 

1517.2 

.9 

876.3 

949.7 

1022.1 

1096.3 

1169.7 

1243.0 

1316.3 

1389.6 

1463.0 

1536.S 

10,0 

888.9 

963.0 

1037.0 

1111.1 

1185.2 

1259.2 

1333.3 

1407.4 

1481.5 

1555.5 

10.1 

901.5 

976.3 

1051.2 

1126.0 

1200.8 

1275.6 

1350.4 

1426.3 

1500.1 

1574.9 

.2 

914.2 

989.8 

1065.3 

1140.9 

1216.5 

1292.0 

1367.6 

1443.1 

1518.7 

15M.8 

.3 

927.0 

1003.3 

1079.6 

1155.9 

1232.2 

1308.5 

1484.8 

1461.1 

1537.4 

161S.7 

.4 

939.9 

1016.9 

1093.9 

1171.0 

1248.0 

1326.1 

1402.1 

1479.1 

1556.2 

1633.2 

.6 

952.8 

1030.6 

1108.3 

1186.1 

1263.9 

1341.7 

1419.4 

1497.2 

1575.0 

1652.8 

.6 

965.8 

1044.3 

1122.8 

1201.3 

1279.9 

1358.4 

1436.9 

1516.4 

1593.9 

1672.5 

.7 

978.9 

1058.1 

1137.4 

1216.6 

1295.9 

1375.2 

1454.4 

1533.7 

1612.9 

1602.'2 

.8 

992.0 

1072.0 

1152.0 

1232.0 

1312.0 

1392.0 

1472.0 

1652.0 

1632.0 

1712.0 

.9 

1005.2 

1086.0 

1166.7 

1247.4 

1328.2 

1408.9 

1489.7 

1670.4 

1651.1 

1781.9 

11.0 

1018.6 

1100.0 

1181.5 

1263.0 

1344.4 

1425.9 

1507.4 

1688.9 

1670.4 

1751.8 

11.1 

1031.9 

1114.1 

1196.3 

1278.6 

1360.8 

1443.0 

1525.2 

1607.4 

1689.7 

1771.9 

.2 

1045.3 

1122.3 

1211.3 

1294.2 

1377.2 

1460.1 

1543.1 

1626. 1 

1709.0 

1709.0 

.3 

1058.9 

1142.6 

1226.3 

1310.0 

1393.7 

1477.4 

1561.1 

1644.8 

1728.5 

1812.2 

.4 

1072.4 

1156.9 

1241.3 

1325.8 

1410.2 

1495.0 

1579.1 

1663.6 

1748.0 

1832.4 

.5 

1086.1 

1171.3 

1256.5 

1341.7 

1426.8 

1512.0 

1597.2 

1682.4 

1767.6 

1852.8 

.6 

1099.9 

11S5.8 

1271.7 

1357.6 

1443.6 

1529.5 

1616.4 

1701.4 

1787.3 

1873.2 

.7 

1113.7  '12()0.3 

1287.0 

1373.7 

14«K).3 

1547.0 

1633.7 

1720.3 

1807.0 

1003.7 

.8|1127.6  ,1215.0 

1302.4 

1390.0 

1477.2 

15()4.6 

1652.0 

1739.4 

1826.8 

1014.8 

.9:1141.5    1229.7  ;i:n7.8 

1406.0 

14!»4.1  I15S2.3 

1670.4 

1768.6 

1846.7 

1034.0 

12.0|1155.t)    1244.5  !l333.3  II422.2 

loU.l  llWK).0 

1688.9 

1777.7 

1866.7 

1055.6 

TABLE  XIX.— CD.  YDS 

PER 

00  FT.  SLOPES  1  TO  1. 
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Ht. 

Width 

at  base 

C  =  2ii) 

m  f«t 

^ 

"u" 

18 

JL^ 

^ 

11 

at 

>6 

IS 

30 

» 

12.1 

.1 

183: 

274', 

i3w:fl 

ibis:- 

1006:8 

1697:3 

: 

laso.f 

1471:* 

1662; 8 

1653.7 

1744.8 

1335.1 

1927. t 

3018.1 

waao 

1947  2 

a'fl 

1504  6 

1967  0 

20002 

1 

IMl 

334 

1128  1 

1    i 

1     S  0 

1-^     3 

ITO  6 

iil'.    J 

1270 

369 

H« 

18 

13  0 

1300  0 

S! 

140 

ISl 

|: 

3902 
llOSS 
1*20  9 

IE! 

1413  i 
1507  0 

lira  J 

40  4 

1    76 

, 

uo  : 

1   t  2 

u 

1451  B 

1555  6 

1659  3 

1763  0 

1366  7 

lO'Ol 

2074  1 

2177  S 

2B1  5 

"385 

11 

Iter  4 

1 

Boai 

lOOl 
18213 

less; 

17311 

1810  6 

lass 

r" 

2094  1 

19  4 

...189  : 

1 

1 

678  7 

1«SB 

1797 

1007  6 

S' 

»IB 

1706  1 

■Mil,  6 

Ui 

IBll  1 

2S000 

20111 

iB 

1778 

1BB8 

201S 

2133 

2252 

2370 

24S9 

2607 

27'6 

2841 

2204 

2833 

2919 

30S5 

^00 

3067 

3200 

3333 

2323 

"463 

2rf(4 

744 

2<Wi 

30'6 

3167 

3589 

2519 

2667 

"063 

3111 

3802 

2722 

3907 

122 

2«33 

3748 

3911 

4)74 

4-37 

4444 

3491 

3063 

3833 

4001 

685 

378 

3566 

37  J3 

4907 

6093 

278 

m 

38S1 

iOM 

4217 

4130 

46'2 

1815 

i007 

6200 

5393 

S685 

100 

530U 

5000 

580 

au 

6222 

4Gia 

5263 

5478 

50<P3 

5W7 

4880 

5111 

5333 

S558 

622' 

1 

5167 

i 

U» 

68  4 

711 

7585 

0OB7 

700 

I 

0044 

0290 

0548 

6800 

7052 

35 

63S2 

7380 

5420 

38 

6667 

G933 

7TO 

407 

7733 

BOOO 

6'67 

8533 

8800 

9067 

6flS0 

7   J 

)MI7 

B 

7310 

600 

950 

9852 

9100 

am 

BOS 

0967 

l02Ge 

Booa 

MOl 

8ltfi9 

91H5 

9778 

10667 

(052 

10-m 

11085 

! 

lOKse 

ll'SKl 

10989 

11»7 

B452 

10758 

«_ 

BB33 

0IU7 

Ml 

\ 


460    TABLE  XIX.—CU.  YDS.  PER  100  FT.  SLOPES  114  TO  1. 


Ht. 

in 

Ft. 

0.1 

Width  of  base  ( =26) 

in  feet. 

14 

16 

18 

20 

22 

24 

26 

28 

SO 

82 

5.2 

6.0 

6.8 

7.5 

8.3 

9.0 

9.7 

10.5 

11.2 

11.9 

.2 

10.6 

12.1 

13.6 

15.0 

16.5 

18.0 

19.5 

21.0 

22.4 

23.9 

.3 

16.16 

18.3 

20.5 

22.7 

24.9 

27.2 

29.4 

31.6 

33.8 

36.1 

A 

21.63 

24.6 

27.6 

30.5 

33.5 

36.4 

39.4 

42.4 

46.3 

48.3 

.6 

27.32 

31.0 

34.7 

38.4 

42.1 

45.8 

49.5 

63.2 

66.9 

60.6 

.6 

33.11 

37.6 

42.0 

46.4 

50.9 

55.3 

59.8 

64.2 

68.7 

73.1 

.7 

39.02 

44.2 

49.4 

54.6 

59.8 

66.0 

70.2 

75.4 

80.6 

85.7 

.8 

45.04 

51.0 

56.9 

62.8 

68.8 

74.7 

80.6 

86.6 

92.6 

98.4 

.9 

51.17 

57.8 

64.5 

71.2 

77.8 

84.5 

91.2 

97.8 

104.5 

111.2 

1.0 

57.41 

64.8 

72.2 

79.6 

87.1 

94.6 

101.9 

109.3 

116.7 

124.1 

1.1 

63.76 

71.9 

80.1 

88.2 

96.4 

104.5 

112.7 

120.8 

129.0 

137.1 

.2 

70.22 

79.1 

88.0 

96.9 

105.8 

114.7 

123.6 

132.6 

141.3 

150.2 

.3 

76.80 

86.4 

96.1 

105.7 

115.3 

126.0 

134.6 

144.2 

153.8 

163.5 

.4 

83.48 

93.9 

104.2 

114.6 

125.0 

135.3 

145.7 

166.1 

166.4 

176.8 

.6 

90.28 

101.4 

112.5 

123.6 

134.7 

145.8 

156.9 

168.1 

179.2 

190.3 

.6 

97.19 

109.0 

120.9 

132.7 

144.6 

156.4 

168.3 

180  1 

192.0 

203.9 

.7 

104.20 

116.8 

129.4 

142.0 

154.6 

167.2 

179.7 

192.3 

204.9 

217.5 

.8 

111.33 

124.7 

138.0 

151.3 

164.7 

178.0 

191.3 

204.7 

218.0 

231.3 

.9 

118.57 

132.6 

146.7 

160.8 

174.9 

188.2 

203.0 

217.1 

231.1 

245.2 

2.0 

125.93 

140.7 

155.6 

170.4 

185.2 

200.0 

214.8 

229.6 

244.4 

259.2 

2.1 

133.39 

•  148.9 

164.5 

180.0 

195.6 

211.1 

226.7 

242.2 

257.8 

273.3 

.2 

140.96 

157.3 

173.5 

189.8 

206.1 

222.4 

238.7 

256.0 

271.3 

287.6 

.3 

148.65 

165.7 

182.7 

199.7 

216.8 

233.8 

250.8 

267.9 

284.9 

301.9 

.4 

156.44 

174.2 

192.0 

209.8 

227.5 

245.3 

263.1 

280.8 

298.6 

316.4 

.5 

164.35 

182.9 

201.4 

219.9 

238.4 

256.9 

276.4 

293.9 

312.4 

330.0 

.6 

172.37 

191.6 

210.9 

230.2 

249.4 

268.7 

287.9 

307.2 

326.5 

345.7 

.7 

180.50 

200.5 

220.5 

240.5 

260.5 

280.5 

300.6 

320.6 

340.5 

360.5 

.8 

188.74 

209.5 

230.2 

251.0 

271.7 

292.4 

313.2 

333.9 

354.7 

375.4 

.9 

197.09 

218.6 

240.1 

261.5 

283.0 

304.5 

326.0 

347.5 

368.9 

390.4 

3.0 

205.56 

227.8 

250.0 

272.2 

294.4 

316.7 

338.9 

361.1 

383.3 

405.6 

3.1 

214.13 

237.1 

260.1 

283.0 

306.0 

328.9 

351.9 

374.9 

397.8 

420.8 

.2 

222.81 

246.5 

270.2 

293.9 

317.6 

341.3 

365.0 

388.7 

412.4 

436.1 

.3 

231.61 

256.1 

280.5 

304.9 

329.4 

353.8 

378.3 

402.7 

427.2 

451.6 

.4 

240.52 

265.7 

290.9 

316.1 

341.2 

366.4 

391.6 

416.8 

442.0 

467.1 

.5 

249.54 

275.5 

301.4 

327.3 

353.2 

379.1 

405.1 

431.0 

456.9 

482.8 

.6 

258.67 

285.3 

312.0 

338.7 

365.3 

392.0 

418.6 

446.3 

472.0 

498.7 

.7 

267.91 

295.3 

322.7 

350.1 

377.5 

404.9 

432.3 

469.7 

487.1 

514.5 

.8 

277.26 

305.4 

333.6 

361.7 

389.8 

418.0 

446.1 

474.3 

502.4 

530.6 

.9 

286.72 

315.6 

344.5 

373.4 

402.2 

431.1 

460.0 

488.9 

517.8 

546.7 

4.0 

296.30 

325.9 

355.5 

385.2 

414.8 

444.4 

474.0 

603.6 

533.3 

562.0 

4.1 

305.98 

336.3 

366.7 

397.1 

427.4 

457.8 

488.1 

518.6 

548.9 

579.2 

.2 

315.78 

346.9 

378.0 

409.1 

440.2 

471.3 

502.4 

633.5 

564.6 

595.7 

.3 

325.69 

357.5 

389.4 

421.2 

453.1 

484.9 

516.8 

648.6 

680.5 

612.5 

.4 

335.70 

368.3 

400.9 

433.6 

466.1 

498.7 

531.2 

663.8 

596.4 

020.0 

.5 

345.83 

379.2 

412.5 

445.8 

479.2 

512.6 

546.8 

679.2 

612.5 

645.8 
662.7 

.6 

356.07 

390.1 

424.2 

458.3 

492.4 

526.4 

560.5 

694.6 

628.6 

.7 

366.43 

401.2 

436.1 

470.9 

505.7 

540.5 

575.3 

610.1 

644.9 

679.8 

.8 

376.89 

412.4 

448.0 

483.6 

519.1 

554.7 

590.2 

625.7 

661.3 

606.9 

.9 

387.46 

423.8 

460.0 

496.3 

532.6 

568.9 

605.2 

641.5 

677.8 

714.1 

5.0 

398.15 

435.2 

472.2 

609.3 

546.3 

583.3 

620.3 

657.4 

604.4 

781.4 

5.1 

408.9 

446.7 

484.5 

522.3 

560.0 

597.8 

635.6 

673.3 

711.1 

748.9 

.2 

419.9 

45S.4 

496.9 

535.4 

573.9 

612.4 

650.9 

689.4 

727.9 

766.4 

.3 

430.9 

470.1 

509.4 

548.6 

587.9 

627.1 

666.4 

706.6 

744.9 

784.1 

.4 

442.0 

482.0 

522.0 

562.0 

602.0 

642.0 

681.9 

721.9 

761.9 

801.9 

.5 

453.2 

494.0 

534.7 

575.4 

010.2 

()50.9 

597.6 

738.4 

779.1 

819.8 

.6 

464.6 

5()().  1 

547.5 

5S9.() 

030.5 

671.9 

713.4 

764.9 

796.4 

887.8 

.7 

476.1 

51S.3 

5«)().5 

602.7 

044.9 

6S7.2 

729.4 

771.6 

813.8 

856.0 

.8 

4H7.6 

530.6 

573.6 

616.5 

()r)9.5 

702.4 

745.4 

788.4 

831.3 

874.3 

.9 

4')9.3 

543.0 

5K6.7 

(kJO.4 

074.1 

717. S 

761.5 

806.2 

848.9 

892.6 

6.0  1 

511.1 

555 . 6 

600.0 

644.4 

()NK.9 

733.3 

777.8 

822.2 

866.7 

011.1^ 

TABLE  XIX 
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Width  Qf  base  (  =26)  in  (eH. 
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11 

10 
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8 
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1 
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sn 
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TOI 
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781 
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m 

001 
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1291 

i3i; 
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! 

s 
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TOO. a 
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11 
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S74.8 

S:! 

mis 
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137fl:o 

il 

B96.1 
733:0 
76S;0 

i;! 

m.2 
m'.i 
im'.a 

M 

iil 
III 

SI 

687.! 

730;8 
760! « 
7M:7 

SM.a 

S21.3 
SB8:i 

m.s 

'ill 
zt 

Si 

M 

mz'.t 

ill 

i«7:o 

ill 

1000:8 

703.7 

|l 

su.e 

8S8,B 

G9o!e 
m'.i 

m.* 

1041 :? 
1094:0 

Si 

li 

iil 

i«9:i 
iM?:* 

15BS:e 

i«>9:b 

ill 
ill 

'i 

m 

s 
s 

92! 

9«: 

970 
90; 

I0« 
10! 

1 
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i 

32t 
36! 

48; 

sat 
wf 

1828 
1050 

I6« 
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177( 

laou 

1831 
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J 

!■ 

S 

1 

7 

a 

0 

2 

4 

3 

! 

2 
1 

9ii 

B6E 

\m 
:ais 

:23« 

IKt 

I30< 
I41( 

401 

.iS! 
1581 

eof 
sw 

173] 

1 

7 

? 

1 
s 
J 

0 

1 

! 

a 

I 

I 
1 

ii 

002:1 
m.i 

tOlfl.3 

1071 :b 

1090,3 
LKKI.l 

HMD 

iao4.s 

I3M:o 
1403.8 
14Bi:7 

IBTfl 

ieu.2 

701:* 

790:4 
1813-0 

1858:* 

III 

El 

384 
901 

93* 

8b; 

1 

1068 

1021 
1244 

law 

I32t 
134! 

I4dI 

I4M 

1171 
16SI 

im 

isw 
104; 

»1! 

3081 
2101 

8 
5 

> 

2 

5 
3 
3 

I 

»8«: 
o«s: 

iiai.B 

:2oi:4 
242:0 

202.4 
2S2.9 

345 :: 

408' 8 
1430. 

■siJ:? 
i5flo: 

1582.7 

leus.o 

B;l 

1095:0 
I717.S 
1740.7 

1789:9 
810,2 
933.1 

E 

Si 

2048,0 
2071,1 
a097.0 
1122.1 
2147. Z 

2197:1 

4G2     TABLE  XIX.— CU.  YDS.  PER  100  FT.  SLOPES  1}4  TO  1. 


Ht. 

in 

Ft. 

12.1 

Width  of  base  (  =26)  in  feet. 

U  1  16 

18 

20  . 

22 

24 

26 

28 

80 

32 

1440.8 

1530.4 

1620.1 

1709.7 

1799.3 

1889.0 

1978.6 

2068.2 

2157.8 

2247.5 

.2 

1459.5 

1549.9 

1640.2 

1730.6 

1821.0 

1911.3 

2001.7 

2092.1 

2182.4 

2272.8 

.3 

1478.3 

1569.4 

1660.5 

1751.6 

1842.7 

1933.8 

2024.9 

2116.1 

2207.2 

2298.3 

.4 

1497.2 

1589.0 

1680.9 

1772.7 

1864.6 

1956.4 

2048.3 

2140. 1 

2232.0 

2323.8 

.6 

1516.2 

160S.8 

1701.4 

1794.0 

1886.6 

1979.2 

2071.7 

2164.3 

2256.9 

2349.5 

.6 

1535.3 

1628.7 

1722.0 

1815.3 

1908. 7 

2002.0 

2096.3 

2188.6 

2282.0 

2375.3 

.7 

1554.6 

1648.6 

1742.7 

1836.8 

1930.9 

2024.9 

2119.0 

2213.1 

2307.1 

2401.2 

.8 

1573.9 

1668.7 

1763.5 

1858.4 

1953.2  2048.0 

2142.8 

2237.6 

2332.4 

2427.2 

.9 

1593.4 

1689.0 

1784.5 

1880.1 

1975.6  2071.2 

2166.7 

2262.3 

2357.8 

2453.4 

13.0 

1613.0 

1709.3 

1805.6 

1901.9 

1998.2 

2094.6 

2190.8 

2287.1 

2383.4 

2479.6 

13.1 

1632.6 

1729.7 

1826.7 

1923.8 

2020.8 

2117.9 

2214.9 

2311.9 

2409.0 

2506.0 

.2 

1652.4 

1760.2 

1848.0 

1945.8  2043.6 

2141.3 

2239.1 

2336.9 

2434.7 

2532.4 

.3 

1672.4 

1770.9 

1869.4 

1967.9 

2066.4 

2165.0 

2263.6 

2362.0 

2460.5 

2559.0 

.4 

1692.4 

1791.6 

1890.9 

1990.2 

2039.4 

2188.7 

2287.9 

2387.2 

2486.5 

2585.7 

.5 

1712.6 

1812.5 

1912.5 

2012.5 

2112.5 

2212.6 

2312.6 

2412.5 

2512.5 

2612.5 

.6 

1732.7 

1833.5 

1934.2 

2035.0 

2135.7 

2236.4 

2337.2 

2437.9 

2538.7 

2639.4 

.7 

1763.1 

1854.6 

1956. 1 

2057.5 

2159.0 

2260.6 

2362.0 

2463.5 

2564.g 

2666.4 

.8 

1773.6 

1875.8 

1978.0 

20S0.2 

2182.4 

2284.7 

2386.9 

2489.1 

2591.3 

2693.5 

.9 

1794.1 

1897.1 

2000.1 

2103.0 

2206.0 

2308.9 

2411.9 

2514.9 

2617.8 

2720.8 

14.0 

1814.8 

1918.5 

2022.2 

2125.9 

2229.6 

2333.3 

2437.0 

2540.7 

2644.4 

2748.1 

14.1 

1835.6 

1940.1 

2044.5 

2148.9 

2253.4 

2357.8 

2462.3 

2566.7 

2671.1 

2775.6 

.2 

1856.5 

1961.7 

2066.9 

2172.1 

2277.3 

2332.5 

2487.7 

2592.9 

r 2608.0 

2803.3 

.3 

1877.5 

1983.5 

2089.4 

2195.3 

2301.3 

2407.2 

2613.1 

2619.1 

2725.0 

2890.9 

.4 

1898.7 

2005.3 

2112.0 

2218.7 

2325.3 

2432.0 

2638.7 

2645.3 

2752.0 

2858.7 

.5 

1919.9 

2027.3 

2134.7 

2242.1 

2349.6 

2457.0 

2564.4 

2671.8 

2779.2 

2886.6 

.0 

1941.3 

2049.4 

2157.6 

2266.7 

2373.9 

2482.0 

2590.2 

2698.3 

2806.5 

2914.6 

.7 

1962.7 

2071.6 

2180.5 

2289.4 

2398.3 

2507.2 

2616.1 

2725.0 

2833.8 

2942.7 

.8 

1984.3 

2093.9 

2203.6 

2313.2 

2422.8 

2532.5 

2642.1 

2751.7 

2861.3 

2971.0 

.9 

2006.0 

2116.4 

2226.7 

2337.1 

2447.6 

2557.8 

2668.2 

2778.6 

2888.9 

2999.8 

15.0 

2027.  t. 

2138.9 

2250.0 

2361.1 

2472.2 

2683.3 

2694.4 

2805.6 

2916.7 

3027.8 

16 

2252 

2370 

2489 

2607 

2726 

2844 

2963 

3081 

3200 

3319 

17 

2487 

2613 

2739 

2365 

2991 

3117 

3243 

3309 

3494 

3620 

18 

2733 

2867 

3000 

3133 

3267 

3400 

3533 

3667 

3800 

3833 

19 

2991 

3131 

3272 

3413 

3554 

3694 

3836 

3976 

4117 

4257 

20 

3259 

3407 

3556 

3704 

3852 

4000 

4148 

4296 

4444 

4592 

21 

3539 

3694 

3850 

4006 

4161 

4317 

4472 

4628 

4783 

4939 

22 

3830 

3993 

4156 

4318 

4481 

4644 

4807 

4970 

5133 

5296 

23 

4133 

4302 

4472 

4642 

4813 

4983 

5154 

5324 

5494 

5665 

24 

4444 

4622 

4800 

4978 

5156 

6333 

5511   5689 

5867 

6044 

25 

4769 

4954 

5139 

5324 

6509 

6694 

5880 

6065 

6250 

6485 

26 

5104 

5296 

6489 

5681 

5874 

6067 

6259 

6452 

6644 

6887 

27  !  5450 

5650 

5850 

6050 

6250 

6450 

6650 

6850 

7050 

7260 

28 

5807 

6015 

6222 

6430 

6637 

6844 

7052 

7259 

7467 

7674 

29 

6176 

6391 

6606 

6820 

7035 

7250 

7465 

7680 

7894 

8100 

30 

6556 

6778 

7000 

7222 

7444 

7667 

7889 

8111 

8338 

8556 

31 

6946 

7176 

7406 

7635 

7865 

8094 

8324 

8554 

8783 

9018 

32 

7348 

7585 

7822 

8059 

8296 

8533 

8770 

9007 

9244 

9482 

33 

7761 

8006 

8250 

8494 

8739 

8983 

9228 

9472 

9717 

0961 

34 

8185 

8437 

8689 

8941 

9193  ;  9444 

9696 

9948 

10200 

10452 

35 

8620 

8880 

9139 

9398 

9657 

9917 

10176 

10435 

10694 

10964 

36 

9067 

9333 

9600 

9867 

10133 

10300 

10467 

10933 

11200 

11467 

37 

9524 

9798 

10072 

10340 

10620  110X95  111169 

11443 

11717 

11991 

38 

9993 

10274 

10556 

10o37 

11119  ;11400  111681 

11963 

12244 

12526 

39   10472 

10701 

11050 

11339 

11628 

11917 

12206 

12494 

12783 

18072 

40  110963   11259 

11556 

11852 

12148 

12444 

12741 

13037 

13333 

18630 

41  '11465  j 11769 

12072 

12376 

126S0 

12983 

13287 

13591 

13894 

14198 

42   11978  !l22S9 

12600 

12911 

13223 

13534 

13846 

14156 

14467 

14778 

43 

12502 

12S20 

13139 

13457 

13776 

14094 

14413 

14731 

15050 

15869 

44 

13037 

13363 

13689 

14015 

14341  '14667 

14993 

15319 

15644 

15070 

45 

135X3  !  13917 

14250 

14583   14917  ! 15250  '15683 

15917 

16250 

16588 

XIX  —CUBIC  YARDS  PER  100  FEET.     SLOPES  2  :  1.  463 


Bepth 

Base 

Base 

Base 

Base 

Base 

Ba  e 

Base 

Base 

12 

14 

16 

18 

20 

28 

30 

83 

1 

62 

69 

67 

74 

81 

111 

119 

196 

S 

119 

133 

148 

1G3 

178 

237 

858 

267 

S 

200 

222 

244 

267 

889 

878 

400 

488 

4 

296 

836 

856 

885 

416 

638 

663 

608 

5 

407 

444 

481 

619 

656 

704 

741 

778 

6 

683 

678 

622 

637 

711 

889 

938 

978 

7 

674 

726 

778 

830 

881- 

1069 

1141 

1193 

8 

830 

889 

948 

1007 

1067 

1304 

1363 

1428 

9 

1000 

1067 

ll:» 

1200 

1267 

1533 

1600 

1667 

10 

1186 

1259 

1333 

1407 

1481 

1778 

ia58 

1926 

11 

1885 

1467 

1548 

1630 

1711 

8037 

2119 

2300 

13 

1600 

1689 

1778 

1867 

1956 

2811 

2400 

2489 

18 

1830 

1926 

2022 

8119 

2216 

2600 

2696 

8793 

14 

2074 

8178 

2281 

8386 

2489 

2904 

80O7 

3111. 

16 

8883 

2444 

8a56 

2667 

2778 

8222 

8383 

8444 

16 

2607 

8726 

2844 

8963 

8081 

8556 

8674 

8793 

17 

8896 

8022 

8148 

8274 

3400 

3904 

4080 

4166 

18 

8200 

b333 

8407 

8600 

8783 

4267 

4400 

4583 

19 

8519 

8059 

8800 

3941 

4081 

4644 

4785 

4986 

20 

885'^ 

4000 

4148 

4296 

4444 

6037 

6186 

6888 

81 

4200 

4356 

4511 

4667 

4822 

6444 

6600 

6766 

8S 

45C8 

4730 

4889 

6052 

6215 

6867 

6080 

6193 

28 

4941 

6111 

5281 

5452 

5622 

6804 

6474 

6644 

24 

6883 

6611 

6689 

6867 

6044 

6756 

6088 

7111 

25 

6741 

6926 

6111 

6296 

6481 

7222 

7407 

7598 

26 

6163 

6356 

6548 

6741 

6933 

7704 

7896 

8089 

27 

6600 

6800 

7000 

7200 

7400 

8200 

8400 

8600 

28 

7052 

7250 

7467 

7674 

7831 

8711 

8919 

9120 

29 

7519 

7738 

7948 

8163 

8378 

9237 

9462 

9667 

80 

8000 

8222 

8444 

8667 

8S89 

9778 

10000 

10288 

81 

8496 

8726 

8956 

9186 

9416 

ia388 

10663 

10793 

82 

9007 

9241 

9481 

9719 

9956 

10904 

11141 

11878 

88 

9533 

9778 

10022 

10267 

10511 

11489 

11788 

11978 

84 

10074 

10326 

10578 

10880 

11081 

12089 

12841 

12593 

86 

10630 

10889 

11148 

11407 

11667 

12704 

12963 

13228 

86 

11200 

11467 

11733 

12000 

12267 

13333 

18600 

13867 

87 

11785 

12059 

12333 

12607 

12881 

13978 

14252 

14526 

88 

12385 

12667 

12948 

13230 

13611 

14637 

14919 

15200 

89 

13000 

13289 

13578 

13867 

14166 

15311 

16600 

15889 

40 

13630 

13926 

14222 

14619 

14816 

16000 

16296 

16598 

41 

14274 

14578 

14881 

16185 

15489 

16704 

17007 

17311 

42 

14033 

15244 

155&6 

15867 

16178r 

17422 

17738 

18044 

48 

15607 

15926 

10224 

16563 

16881 

18156 

18474 

18793 

44 

16296 

16622 

16948 

17274 

17600 

18904 

19230 

19556 

45 

17O0O 

17333 

17667 

18000 

18388 

19667 

80000 

20338 

46 

17719 

18059 

18400 

18741 

19061 

20444 

20786 

21126 

47 

18462 

18800 

19148 

19496 

19844 

21237 

21586 

21983 

48 

19200 

19556 

19911 

20267 

20622 

22044 

22400 

22766 

49 

19963 

20326 

20689 

21058 

21416 

22867 

28280 

23593 

60 

20741 

20711 

21481 

81852 

22222 

23704 

24074 

24444 

61 

2U83 

21911 

22280 

22667 

28044 

24656 

24938 

25811 

t& 

22341 

22726 

23111 

23496 

23881 

25422 

25807 

26193 

68 

23163 

2i556 

2:^948 

84341 

24738 

26304 

26696 

27069 

64 

24000 

24400 

24800 

85200 

2.>600 

27200 

27600 

28000 

66 

24852 

25259 

85667 

8H074 

86481 

28111 

28519 

28926 

66 

25719 

26133 

86548 

86968 

87878 

89087 

89458 

29867 

67 

26600 

27028 

87444 

87867 

88289 

89978 

80400 

8088& 

68 

27496 

27926 

88356 

88786 

89216 

80933 

81363 

81793 

69 

28407 

28844 

89281 

89719 

80166 

81904 

82841 

32778 

00 

89338 

89778 

80288 

80667 

81111 

88880 

88888 

83778 

4SrX,— CUBIC  YAHDS  PER  100  PERT. 


Table  xx.— cubic  yards  in  loo  feet  length.  465 


Area. 
Sq. 
Ft. 

Cubic 

Area. 

&^- 
Ft. 

Cubic 

Area. 
Sq. 
Ft. 

Cubic 

Area. 
Sq. 
Ft. 

Cubic 

Area. 
Sq. 
Ft. 

Cubic 

Yards. 

Yards. 

Yards. 

Yai-ds. 

Yards. 

1 

3.7 

51 

188.9 

101 

374.1 

151 

559.3 

201 

744.4 

2 

7.4 

52 

192.6 

102 

377.8 

152 

563.0 

202 

748.2 

8 

11.1 

53 

196.8 

103 

381.5 

153 

566.7 

203 

751.9 

4 

14.8 

54 

200.0 

104 

385.2 

154 

570.4 

204 

766.6 

5 

18.5 

55 

203.7 

105 

388.9 

155 

574.1 

205 

759.3 

6 

22.2 

56 

207.4 

106 

392.6 

156 

577.8 

206 

763.0 

7 

25.9 

57 

211.1 

107 

896.3 

157 

581.5 

207 

766.7 

8 

29.6 

58 

214.8 

108 

400.0 

158 

585.2 

208 

770.4 

9 

33.3 

59 

218.5 

109 

40:3.7 

159 

588.9 

209 

774.1 

10 

37.0 

60 

222.2 

110 

407.4 

160 

592.6 

210 

777.8 

11 

40.7 

61 

225.9 

111 

411.1 

161 

596.3 

211 

781  5 

12 

44.4 

62 

229.6 

112 

414.8 

162 

600.0 

212 

785.2 

13 

48.1 

63 

2a3.3 

113 

418.5 

163 

603.7 

213 

788.9 

14 

51.9 

64 

237.0 

114 

422.2 

.  164 

607.4 

214 

792.6 

15 

55.6 

65 

240.7 

115 

425.9 

165 

611.1 

215 

796.8 

16 

59.3 

66 

244.4 

116 

429.6 

166 

614.8 

216 

800.0 

17 

63.0 

67 

248.2 

117 

43:3.3 

167 

618.5 

217 

808.7 

18 

66.7 

68 

251.9 

118 

437.0 

168 

622.2 

218 

807.4 

19 

70.4 

69 

255.6 

119 

440.7 

169 

625.9 

219 

811.1 

ao 

74.1 

70 

259.3 

120 

444.4 

170 

629.6 

220 

814.8 

21 

77.8 

71 

263.0 

121 

448.2 

171 

633.8 

221 

818.6 

22 

81.5 

72 

266.7 

122 

451.9 

172 

68r.O 

222 

822.2 

23 

85.2 

73 

270.4 

123 

455.6 

173 

640.7 

223 

826.9 

24 

88.9 

74 

274.1 

124 

459.3 

174 

644.4 

224 

829.6 

25 

92.6 

75 

277.8 

125 

4G3.0 

175 

648.2 

225 

883.8 

26 

96.3 

76 

281.5 

126 

466.7 

176 

651.9 

226 

837.0 

27 

100.0 

77 

285  2 

127 

470.4 

177 

655.6 

227 

840.7 

28 

103.7 

78 

288.9 

128 

474.1 

178 

659.3 

228 

844.4 

29 

107.4 

79 

292.6 

129 

477.8 

179 

663.0 

229 

848.2 

,     30 

111.1 

80 

296.3 

130 

481.5 

180 

666.7 

230 

851.9 

31 

114.8 

81 

300.0 

131 

485.2 

181 

670.4 

231 

856.6 

32 

118.5 

82 

803.7 

132 

488  9 

182 

674.1 

232 

869.8 

33 

122.2 

83 

307.4 

133 

492.6 

183 

677.9 

238 

868.0 

.    34 

125.9 

84 

311.1 

134 

496.3 

184 

681.5 

234 

866.7 

35 

129  6 

85 

314.8 

135 

500.0 

185 

685.2 

235 

870.4 

36 

133.3 

86 

318.5 

136 

503.7 

186 

688.9 

236 

874.1 

37 

137.0 

87 

322.2 

137 

507.4 

187 

692.6 

237 

877.8 

38 

140.7 

88 

325.9 

138 

511.1 

188 

6963 

238 

881.5 

39 

144  4 

89 

329.6 

139 

514.8 

189 

700.0 

239 

885.2 

40 

148.2 

90 

3:33.3 

140 

518.5 

190 

703.7 

240 

888.9 

41 

151.9 

91 

387.0 

141 

522.2 

191 

707.4 

241 

892.6 

42 

155.6 

92 

340.7 

142 

525.9 

192 

711.1 

242 

896.3 

43 

159.3 

93 

344.4 

143 

529.6 

193 

714.8 

243 

900.0 

44 

163.0 

94 

348.2 

144 

533.8 

194 

718.5 

244 

903.7 

45 

166.7 

95 

351.9 

145 

537.0 

195 

722.2 

245 

907.4 

46 

170.4 

96 

355.6 

146 

540.7 

196 

725.9 

246 

911.1 

47 

174.1 

97 

359.3 

147 

544.4 

197 

729.6 

247 

914.8 

48 

177.8 

08 

363.0 

148 

548.2 

198 

733.3 

248 

918.6 

49 

181.5 

99 

866.7 

149 

551.9 

199 

737.0 

249 

922.2 

50 

185.2 

100 

370.4 

150 

555.6 

200 

740.7 

250 

925.9 

4GG TABLE  XX.— CUBIC  YARDS  IN  100  FEET  LENGTH. 


Area. 
8q. 
Ft. 


251 
253 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
368 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 

2aj 

286 
287 
288 
289 
290 
20! 
292 
2a3 
294 
295 
296 
297 
298 
299 
300 


Cubic 

Area. 
Sq. 
Ft. 

Cubic 

Yards. 

Yards. 

929.6 

301 

1114.8 

933.3 

302 

1118.5 

937.0 

303 

1122.2 

940.7 

304 

1125.9 

944.4 

305 

1129.6 

948  2 

306 

li:«.3 

951.9  : 

307 

1137.0 

955.6 

308 

1140.7 

959.3 

309 

1144.4 

963.0 

310 

1148.2 

966  7 

311 

1151.9 

970.4 

312 

1155.6 

974.1 

313 

1159.3 

977.8 

314 

1163.0 

981.5 

.315 

1166.7 

985.2 

316 

1170.4 

988.9 

317 

1174.1 

992.6 

318 

1177.8 

990.3 

319 

1181.5 

1000  0 

320 

1185.2 

1003.7 

321 

1188.9 

1007.4 

322 

1192.6 

1011.1 

323 

1196.3 

1014.8 

324 

1200.0 

1018.5 

325 

1203.7 

10>2.2 

326 

1207.4 

1025.9 

327 

1211.1 

10-29.6 

328 

1214.8 

io;«.3 

329 

1218.5 

1037.0 

3:W 

1222  2 

1040.7 

331 

1225.9 

1044.4 

3.J2 

1229.6 

1048.2 

333 

12:J3.3 

la-il  .9 

334 

1237.0 

10)5.6 

3;i5 

1210.7 

ia59.3 

336 

1214.4 

1003.0 

a37 

1248.2 

1066. 7 

3:« 

1251.9 

1070.4 

339 

1255.6 

1074.1 

340 

1259.3 

1077.8 

811 

12<J3.() 

1081.5  . 

3t2 

126().7 

10a5.2 

343 

1270.4 

1088.9 

a44 

1274.1 

1092.6 

345 

1277.8 

1096.3 

346 

1281.5 

1100.0 

847 

12f»5.2 

1103.7 

348 

1288.9 

1107.4 

349 

1292.6 

1111.1 

350 

1296.3 

Area. 
Sq. 
Ft. 


351 
352 
&53 
354 
355 
356 
a57 
&58 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
:m 
382 
383 
384 
;iS5 
386 
387 
.388 
380 
.300 
301 
392 
803 
394 
305 
306 
307 
.308 
300 
400 


Cubic  i 
Yards.  \ 


1300.0 

1303.7 

1307.4 

1311.1 

1314.8 

1318.5 

i:«2.2 

1325.9 

1329.6 

13.33.3 

1-337.0 

1340.7 

1344.4 

1348.2 

1351.9 

1355.6 

1359.3 

1363.0 

i;^66.7 

1370.4 

i;^4.1 

1377.8 

1381.5 

1;j85.2 

138S.9 

1392.6 

1306.3 

1400.0 

lia3.7 

1407.4 

1411.1 

1414.8 

1418.5 

1422.2 

1425.9 

1429  6 

14:».3 

1437.0 

1440.7 

1444.4 

1448.2 

14.51.9 

1455.6 

1450.3 

1463.0 

ir)6 

1470 

1474 

1477 

1481 


Area. 
Sq 
Ft. 


401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
4-26 
427 
428 
429 
430 
431 
432 
43:^ 
434 
4:i5 
436 
437 
438 
439 
410 
441 
442 
443 
444 
445 
446 
447 
448 
440 
450 


Cubic 

Area. 

Cubic 

Yards.  •■ 

1 

Ft. 

Yards. 

1485.2 

451 

1670.4 

1488.9 

152 

1674. 1 

1492.6 

453 

1677.8 

1496.8  : 

VA 

1681.5 

1500.0  ' 

4.55 

1685.2 

1503  7 

456 

1688.9 

l.'J07.4 

457 

1692.6 

1511.1 

458 

1696.3 

1514.8 

459 

1700.0 

1518.5 

460 

17««.7 

1522  2 

461 

1707.4 

1525.9 

462 

1711.1 

1529.6 

4(>3 

1714.8 

1583.8 

J64 

1718.5 

1537.0 

465 

1722.2 

1540.7 

466 

1725.9 

1544.4 

467 

1729.6 

1548.2 

468 

1738  8 

1561.9 

469 

1787.0 

1555.6 

470 

1740.7 

1.559.3 

471 

1744  4 

1563.0 

472 

1748.2 

1566.7 

478 

1751.9 

1570.4 

474 

17.55.6 

1574.1 

475 

1759.8 

1577.8 

476 

1768.0 

1581.5 

477 

1766.7 

1585.2 

478 

1770.4 

1588.9 

479 

1774.1 

1592.6 

490 

1777.8 

1596.8 

481 

1781.5 

1600.0 

482 

1786.2 

1603  7 

483 

1788  9 

1607.4 

484 

1792.6- 

1611.1 

485 

1796.8 

1614.8 

486 

1800.0 

1618.5 

487 

1908.7 

1622.2 

488 

1807.4 

1625.9 

189 

1811.1 

1629.6 

490 

1814.8 

1638.8 

491 

1818.6 

1637.0 

492 

182S.9 

1640.7 

498 

1885.9 

1644.4 

494 

1829.6 

1648  2 

495 

1888.8 

16,51.9 

496 

1887.0 

1655.6 

497 

1840.7 

1659. 8 

496 

1844.4 

1668.0 

499 

1818.8 

1G66.7 

500 

1661.9 

TABLE  XX  —CUBIC  YARDS  IN  100  FEET  LENGTH.  467 


Area. 

1?: 

Cubic 

Area. 
§!^- 

Ft. 

Cubic 

Area. 
Ft. 

Cubic 

lArea. 
Ft. 

Cubic 

Area. 
Sq. 
Ft. 

Cubic 

Yards. 

Yards. 

Yards. 

Yards. 

Yardjs. 

501 

1856.6 

651 

2040.7 

601 

2225.9 

651 

8411.1 

701 

2596.3 

603 

1869.3 

652 

2044.4 

602 

2229.6 

652 

8414.8 

702 

2600.0 

'  603 

1863.0 

653 

2048.2 

603 

2233.3 

653 

2418.5 

708 

2608.7 

504 

1866.7 

554 

2051.9 

604 

2237.0 

654 

2422.2 

704 

2607.4 

505 

1870.4 

656 

8055.6 

605 

2240.7 

655 

2425.9 

705 

2611.1 

500 

1874.1 

556 

8059.3 

606 

2244.4 

656 

2429.6 

706 

2614.8 

507 

1877.8 

557 

2063.0 

607 

2248.8 

657 

2433.3 

707 

2618.5 

508 

1881.5 

558 

2066.7 

606 

2251.9 

658 

2437.0 

708 

2682.2 

509 

1885.2 

559 

2070.4 

609 

2255.6 

659 

8440.7 

709 

2625.9 

510 

1888.9 

560 

8074.1 

610 

8259.3 

660 

2444.4 

710 

2629.6 

511 

1892.6 

561 

.  2077.8 

611 

2263.0 

661 

2448.2 

711 

2633.3 

6\2 

1896.3 

562 

8081.6 

612 

2266.7 

662 

2451.9 

712 

2687.0 

513 

1900.0 

563 

2085.2 

613 

2270.4 

663 

2455.6 

713 

2640.7 

514 

1903.7 

564 

8088.9 

614 

2274.1 

664 

2459.3 

714 

2644.4 

515 

1907.4 

565 

8092.6 

615 

2277.8 

665 

2463.0 

715 

2648.2 

516 

1911.1 

566 

2096.3 

616 

2281.5 

666 

2466.7 

716 

2651.9 

517 

1914.8 

567 

2100.0 

617 

2285.2 

667 

2470.4 

717 

2655.6 

518 

1918.5 

568 

2103.7 

618 

2288.9 

668 

8474.1 

718 

2659.3 

519 

1922.2 

569 

2107.4 

619 

2292.6 

669 

2477.8 

719 

2668.0 

580 

1925.9 

570 

2111.1 

680 

2296.3 

670 

2481.5 

720 

2666.7 

521 

1929  6 

571 

2114.8 

621 

2300.0 

671 

2485.2 

721 

8670.4 

522 

1933.3 

572 

8118.5 

622 

2303.7 

672 

2488.9 

728 

2674.1 

528 

1937.0 

573 

8122.2 

623 

8307.4 

673 

2492  6 

783 

2677.8 

524 

1940.7 

574 

2125.9 

624 

2311.1 

674 

2496.3 

784 

2681.6 

525 

1944.4 

575 

2129.6 

625 

2314.8 

675 

2500.0 

725 

2685.2 

526 

1948.2 

576 

2133.3 

626 

2318.5 

676 

2503  7 

726 

2688.9 

527 

1951.9 

577 

2137.0 

627 

2322.2 

677 

2507.4 

727 

2692.6 

528 

1955.6 

578 

2140.7 

628 

2325.9 

678 

2511.1 

728 

2696.3 

529 

1959.3 

579 

2144.4 

629 

2389.6 

679 

2514.8 

729 

2700.0 

5^0 

1963.0 

580 

2148.2 

630 

8333.3 

680 

2518.5 

730 

2708.7 

531 

1966.7 

581 

8151.9 

631 

8337.0 

681 

2522.2 

731 

2707.4 

532 

1970.4 

582 

8155.6 

632 

8340.7 

682 

2585.9 

7ii2 

2711.1 

533 

1974.1 

583 

8159.8 

633 

8344.4 

683 

2529.6 

733 

2714.8 

534 

1977.8 

584 

8163.0 

634 

8348.8 

684 

2533.3 

734 

2718.5 

536 

1981.5 

585 

8166.7 

635 

2351.9 

686 

2537.0 

735 

2722.2 

536 

1985.2 

586 

8170.4 

636 

2355.6 

686 

2540  7 

736 

2725.9 

587 

1988.9 

587 

8174.1 

637 

2359.3 

687 

2544.4 

737 

2729.6 

538 

1992.6 

588 

8177.8 

638 

2363  0 

688 

2548.2 

738 

2733.3 

539 

1996.3 

589 

8181.5 

639 

2366.7 

689 

8551.9 

739 

2737.0 

640 

2000.0 

590 

8185.2 

640 

2370.4 

690 

2555.6 

740 

2740.7 

541 

2003.7 

591 

2188.9 

641 

2374.1 

691 

2559.3 

741 

2744.4 

542 

2007.4 

592 

2192.6 

642 

2377.8 

692 

2563.0 

742 

2748.8 

543 

2011.1 

593 

2196.3 

643 

2381.5 

693 

2566.7 

743 

2751.9 

644 

2014.8 

594 

2200.0 

644 

2385.2 

694 

2570.4 

744 

2755.6 

545 

2018.5 

595 

8803.7 

645 

2388.9 

695 

8574.1 

745 

2759.3 

546 

2022.2 

596 

8807.4 

646 

2392.6 

696 

2577.8 

746 

2763.0 

647 

8025.9 

597 

8211.1 

647 

2396.3 

697 

2581.5 

747 

2766.7 

548 

8029.6 

608 

2214.8 

648 

2400.0 

698 

8.585.8 

748 

2770.4 

549 

2033.3 

699 

2218.5 

649 

2403.7 

699 

2.588.9 

749 

2774.1 

550 

2037.0 

600 

2222.2 

6o0 

2407.4 

700 

2592.6 

750 

2777.8 

468  TABLE  XX.— CUBIC  YARDS  IN  100  FEET  LENGT 


Area. 
Sq. 
Ft. 


751 
752 
753 
754 
755 
756 
757 
758 
759 
760 
761 
762 
763 
764 
765 
766 
767 
768 
769 
770 
771 
772 
773 
774 
775 
776 
777 
778 
779 
780 
781 
782 
783 
784 
786 
786 
787 
788 
789 
790 
791 
792 
793 
794 
795 
796 
797 
798 
799 
800 


Cubic 

Area. 
Sq. 
Ft. 

Cubic 

Yards. 

Yards. 

2781.5 

801 

2966.7 

2785.2 

802 

2970.4 

2788.9 

808 

2974.1 

2792.6 

804 

2977.8 

2796.3 

805 

2981.5 

2800.0 

806 

2985.2 

2803.7 

807 

2988.9 

2807.4 

808 

2992.6 

2811.1 

809 

2996.3 

2814.8 

810 

3000.0 

2818.5 

811 

3003.7 

2822.2 

812 

:3007.4 

2825.9 

813 

3011.1 

2829.6 

814 

3014.8 

28833 

815 

3018.5 

2837.0 

816 

3022.2 

2840.7 

817 

3025.9 

2844.4 

818 

3029.6 

2848.2 

819 

3033.3 

2861.9 

820 

.W87.0 

2855.6 

821 

3040.7 

2859.3 

822 

3044.4 

2863.0 

823 

3048.2 

2866.7 

824 

3051.9 

2870.4 

825 

3055.6 

2874.1 

826 

3059.3 

2877.8 

827 

3063.0 

2881.5 

828 

3066.7 

2886.2 

829 

3070.4 

2888.9 

830 

3074.1 

2892.6 

831 

3077.8 

2896.3 

832 

3081.5 

2900.0 

833 

3085.2 

2908.7 

834 

3088.9 

2907.4 

835 

3092.6 

2911.1 

836 

3096.3 

2914.8 

837 

3100.0 

2918.5 

838 

3103.7 

2922.2 

839 

3107.4 

2925.9 

840 

3111.1 

2929.6 

841 

3114.8 

2933.3 

842 

3118.5 

2937.0 

843 

3122.2 

2940.7 

844 

3125.9 

2944.4 

845 

3129.6 

2948.2 

846 

3133.3 

2951.9 

847 

3137.0 

2955.6 

848 

3140.7 

2959.3 

849 

3144.4 

2963.0 

850 

3148.2 

Area. 
Sq. 
Ft. 


851 
852 
853 
854 
8r)5 
856 
857 
858 
859 
860 
861 
862 
863 
864 
865 
866 
867 
868 
869 
870 
871 
872 
873 
874 
'875 
876 
877 
878 
879 
880 
881 
882 
883 
884 
885 
886 
887 
888 
889 
890 
891 
892 
893 
894 
895 
896 
897 
898 
899 
900 


3151.9 
3155.6 
8159.3 
3163.0 
3166.7 
3170.4 
3174.1 
3177.8 
3181.5 
3185.2 
3188.9 
3192.6 
3196.3 
3200.0 
3203.7 
3207.4 
3211.1 
3214.8 
3218.5 
3222.2 
3225.9 
3229.6 
3233.3 
3237.0 
3240.7 
3244.4 
3248.2 
3251.9 
3255.6 
3259.8 
3263.0 
3266.7 
3270.4 
3274.1 
3277.8 
3281.5 
3285.2 
3288.9 
3292.6 
3296.3 
3300.0 
3303.7 
3307.4 
3311.1 
3314.8 
a318.5 
3322.2 
3325.9 
3329.6 
3333.3 


Area. 
Sq. 
Ft. 

Cubic 
Yards. 

Area. 
Sq. 
Ft. 

901 

3337.0 

951 

902 

3340.7 

952 

903 

3344.4 

953 

904 

3348.2 

954 

905 

3351.9 

955 

906 

3355.6 

956 

907 

3359.3 

957 

908 

3363.0 

958 

909 

3366.7 

959 

910 

3370.4 

960 

911 

3374.1 

961 

912 

3377.8 

962 

913 

3381.5 

968 

914 

3386.2 

964 

915 

3388.9 

965 

916 

3392.6 

966 

917 

3396. S 

967 

918 

3400.0 

968 

919 

3403.7 

969 

920 

3407.4 

970 

921 

3411.1 

9n 

922 

3414.8 

972 

923 

3418.5 

978 

924 

3422.2 

974 

925 

3425.9 

975 

926 

3429.6 

976 

927 

3433.3 

977 

928 

3437.0 

978 

929 

3440.7 

979 

930 

3444.4 

980 

931 

3448.2 

981 

982 

3451.9 

982 

933 

3455.6 

963 

934 

3459.3 

984 

935 

3463.0 

965 

936 

3466.7 

986 

937 

3470.4 

987 

938 

3474.1 

968 

939 

3477.8 

^ 

940 

3481.5 

990 

941 

3485.2 

991 

942 

3488.9 

992 

943 

3492.6 

998 

944 

3496.8 

994 

945 

3500.0 

996 

946 

3508.7 

996 

947 

3507.4 

997 

948 

3511.1 

996 

949 

3514.8 

999 

950 

3518.5 

1000 

XXI.-B 

ISE  PER  MILE  OP  VARIOUS  OHADEa     469 

Rise 

Fertper 

Rise 

Fest  pft 

Mile.^" 

s. 

'ar 

S8.308 

95 .558 

'.W 

ss.ras 

90,066 

.03 

i:bS4 

!b3 

04:944 

i:83 

96.624 

.04 

a.iis 

.04 

33.798 

1.84 

65.473 

34.sao 

'm 

I'ea 

98::i08 

.07 

siflM 

r27 

87:058 

1.87 

.08 

.68 

SS.901 

I.IM 

3S.4S} 

w:79a 

:io 

fiiaso 

'.10 

38.900 

i!30 

Ba:6w 

i:w 

100.320 

6.S08 

.■n 

37.488 

1.31 

69.teS 

i,sa 

69.696 

10K378 

A3 

8;bm 

38:M4 

1.33 

:b3 

101. B04 

7.WS 

39.U72 

1,34 

70:75s 

.TB 

39.800 

i03:seo 

tiIpob 

IN, 488 

'.n 

s'btb 

72.338 

:97 

104,018 

.18 

B.i04 

41  IM 

7S.864 

lo.osa 

.79 

1.89 

73.392 

.30 

laeeo 

4e!310 

73,9^ 

io5:eoo 

Bl 

1.088 

.81 

4!.TI!8 

1,41 

74.448 

SIO 

110.880 

'.la 

i.aia 

.88 

i.w 

116.180 

.23 

S.M 

21,440 

•  M 

S.Ki 

78:03S 

44.880 

1.45 

78.B0O 

m'.iioo 

45,108 

77.088 

37,280 

i.2SS 

45.936 

77.618 

:h 

4.784 

40.404 

148 

78.144 

.sa 

46.  BM 

a'.oo 

68:400 

-SI 

18,388 

.91 

48,048 

51 

79. 7M 

s  10 

163  880 

16.898 

.98 

'.b2 

i6B:eaa 

'.N 

IT. 424 

8o!7e4 

also 

174.340 

.S4 

IT.BSa 

!w 

81,312 

S.40 

18.480 

.93 

6o;i6a 

50,(188 

!37 

a3!s9fi 

i.lO 

1»5:360 

ai:<«4 

.98 

51  744 

:s8 

83,4ii4 

880 

63.372 

83.9S2 

53.800 

MKSOO 

.« 

ai.ois 

1. 01 

63.328 

1.61 

8B.008 

4.10 

SIO  480 

ESI :  760 

:« 

13:704 

1:03 

8fl:064 

4:30 

IK7.W0 

sa.BM 

1.01 

M.Dia 

88,5B3 

4.40 

asa.aso 

S.1.780 

24.a<H 

87:648 

4:60 

W2:gw 

.47 

21,810 

1.07 

1,87 

88,176 

4.T0 

848.160 

,48 

.4» 

4,60 

afl:40i> 

IJO 

6a!o8a 

1.70 

89:T60 

5.00 

884:000 

2BKS 

B8.B0B 

266.380 

ica 

sn'm 

50:664 

-? 

91.844 

b:80 

879,840 

386, lao 

9-J  998 

!t:8a 

ax'.m) 

:s7 

SO'.OK 

ai:77s 

93.456 

5,70 

aoo.»60 

80.6M 

i;78 

93.984 

.60 

31.680 

.■0 

63,360 

1.80 

95:W0 

8:00 

B10:800 
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S    -3 

ll 

22 

HI 

I 

ll 

Is" 

III 

1 

HI 

> 

-s9 

0°  sc 

40 
10 

to 

10 

30 
40 

s.n 

if 

loiBl 

u'.w 

E7S.B 

11 
11 

IM.O 

|l 
11 

90 

.» 

20 
40 

> 

13 

> 

If 

i8:a3 

19.M 

S:o9 

iJ 

83. 1 
60.8 

11 

irio 

11 

16° 

IT 

i 

S3 
SA 

80.B7 
3t.4l) 
M.« 
38.10 
38,39 
40.40 
4a.4S 

4e:6s 

48.77 
M.DG 

i;i 
II 

iraai 

34 

8C 
W 

I 

ifO 

1 
1 

1 
! 

S 

i 
\ 

1 

TABLE  XXIII.- 

-MATERIAL  REQUIRED  FOR  ONE  MILE  OP  TBAOK. 

RAIL  WEIQHTB. 

RAILKOAD   SPIKEH.                            \ 

i 

ll 
51 

1 

For  Ralli 

P 

-4 

z. 

Kf 

Ml 

BO 

HO  SO 

'*"- 

»,, 

II    ^^ 

IIIKU   OF   BFLICK-JOINT*. 

' 

L-MBEn 

OF  CROBMIES. 

Tw 

Bars  With  Four  Bolts  and 
Nuts  to  Eacb  JoIdI. 

» 

lar=eapi 

M-c.  locinFaet. 

L(fi.BtlintIUiUnF«rt.            | 

,..  1  ,.« 

a.o 

s.es     s.so 

ao 

1      34           » 

38          30 

3530 

l™ 

aaw 

asir     3118 

6Jfl 

1    440        4011 

377      m 

TABLE  XXtV.  i 

OONTERSIOK  OP  ENOLISH  INCHES  INTO  CKNTIMETHES. 


60.96     63.50   66.04   t 


)   IS7.1I   IBB.IO  1«1.B1  U 


H  its.iom.e4 


i   336. 9£   S38.76   941.3034 


..lTI).Uin.»17 

H  ig().gai9e.i«  w 

M  !a0.e«99S.69  Bl 
_.J4  346.S3a48.99» 
;9  34a71.7«la74.B8i7 


COMVER8ION 

OF 

CENTIMETRES 

NTO  ENQLISH  INCHES. 

Cm, 

1  1  I  1  ■ 

4 

6 

■  1  • 

10 
BO 
SO 

i 

90 

i 

ST 

I 

z 
i 

j 

9C 

at 

1 

14t 

Si 
1 

It 

j 

a 

24 

98 
» 

«>,   1   Ir 

IJ 
fiBb  le 
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2S1    3( 

S03 
939 

Ins^ 

91.860 
37O0i 

Ins. 

4i:83i 

a"3«2  s"™  B^IM  3''b4:1 
6.399'  6,693  7,0871  7.4a) 

!3:048'3S:44]i33:835  93:289 

is.BS6  28.a7B]ae.rra|2M6« 

17:796  38:i90  3B:5^;b:B77 

CONVERSION  OF  ENGLISH  FEET  INTO  METRES. 

Feet 

0 

t 

a 

4 

5      1     6          7 

. 

« 

10 
90 

i 

Uet. 

s 

0.1438 

li 

ai.aas 

Met, 

3:3537 
6.40O6 
S.4IS( 

l:i 

31,641 

S?:?l 

M«t. 

6:7ow 

Is 

31.089 

Met, 

35:39» 
a8.S4f 

Met. 
1.9l9i 

7:816( 

i!:i 

S9.556 

Met.    M«t.    Uec, 
1,63391,8987  9,1335 

7:W9ei7:S  8:3894 

liSlffi 

38.008  33.808  38,613 

s 

14,680 

!:S 
11 

IS 

11 
li 

CONVERSION  OF  METRES  INTO  ENQUSH  FEET. 


65.618 
9S.4S7 
1S1,S4 

iet.04 

I96.8S 


9   6.5618   0,8497   I 
9   39,371    49.651    4 


I  16,40119,636  33,966  96 
i  49,313,68,49155,77559 
I    eS.OMflB.30aB8,S64  01 


£00.13  808,43  906  70 

S3I.H  336.99  330  51 

9«li.75  96S.08  JTS.BI 

9B8.»  301.84  305.13 

331.37  334.65  337.93   S 


909. SB   ^' 
943.79   2 

308:40   a 


472 


TABLE  XXV. 


CONVERSION  OF  ENGLISH  STATUTE-MILES  INTO  KILOMETRES. 


Miles. 


0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


0 


1 


Kilo. 
0.0000 
16.093 
32.186 
48.279' 
64.372, 
80.465 
96  558 
112.65 
128.74 
144.85 
160.93 


Kilo.    Kilo. 

1.6093  3.2186 

17.70219.312 

33.795,35.405 

49.888  51.498 

65.981  67.591 

82.07483.684 

98.167,99.777 

114.261115.87 

130.35131.96 


Kilo 

4.8279 

20.921 

37.014 

53.107 


146.44 
162.53 


148.05 
164  14 


85.293 
101.39 
117.48 
133.57 
149.66 
165  75 


Kilo. 

6.4:372 

22.530 

38.623 

54.716 


69.20070.809 


86.902 
102.99 
119.08 
135.17 
151.26 
167.35 


Kilo. 

8.0465 

24.139 

40.232 

56.325 

72.418 

88.511 

104.60 

120.69 

136.78 

152.87 

168.96 


6 


Kilo, 

9.6558 

25.749 

41.842 

57.935 

74.028 

90.121 

106.21 

122. SO 

138.39 

154.48 

170.57 


8 


Kilo 

1.2652 

27.358 

43.451 

59.544 

75.637 

91  780 

107.82 

123.91 

140.00 

156.09 

172.18 


9 


Kilo. 
12.8745 
28.967 
45.060 
61.153 
77.246 
93.389 
109.43 
125.52 
141.61 
157.70 
173.79 


Kilo. 
14.48t8 
30.577 
46.670 
62.763 
78.856 
94.949 
111.04 
127.13 
143.22 
159.31 
175.40 


CONVERSION  OF  KILOMETRES  INTO  ENGLISH  STATUTE-MILES. 


Kilom. 


0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


0 


Miles. 
0.0000 
6.2138 
12.427 
18.641 
24.855 
31.069 
37.282 
43.497 
49.711 
55.924 
62.138 


1 


Miles. 
0.6214 
6.8352 
13.049 
19.263 
25.477 
31.690 
37.904 
44.118 
50.332 
56.545 
62.759 


Miles. 
1.2427 
7.4565 
13.670 
19.884 
26.098 
32.311 
38.525 
44.739 
50.953 
57.166 
63.380 


Miles. 
1.8641 
8.0780 
14.292 
20.506 
26.720 
32.033 
39.147 
45.361 
51.575 
57.788 
64.002 


Miles. 
2.4855 
8.6994 
14.913 
21.127 
27.341 
33.554 
.39.768 
45.082 
52.196 
58.409 
64.623 


Miles. 

3.1069 

9.3208 

15.534 

21.748 

27.962 

34.175 

40.389 

46.603 

52.817 

59.aS0 

65.244 


6 


Miles. 

3.7282 

9.9421 

16.156 

23  370 

28.584 

34.797 

41.011 

47.225 

.53.439 

59.652 

65.866 


Miles. 

4.3497 

10.562 

10.776 

22.990 

29.204 

35.417 

41.631 

47.845 

54.059 

60.272 

66.486 


Miles. 

4.9711 

11.185 

17.399 

23.613 

29.827 

36.040 

42.254 

48.468 

54.682 

60.895 

67.109 


9 


Miles. 

5.5924 

11.805 

18.019 

24.288 

30.447 

36  660 

42.874 

49.068 

55.303 

61.515 

67.729 


TABLE  XXVI. 
LENGTH  IN  FEET  OF  V  ARCS  OF  LATITUDE  AND  LONGITUDE. 


T<at. 

1'  TAt. 

1'  Long. 

Lat. 

V  Lat. 

1'  Long. 

1° 

6045 

6085 

31<^ 

6061 

5222 

2° 

6045 

6083 

32° 

6062 

5166 

3«» 

6045 

6078 

33° 

6063 

5109 

4« 

6045 

6071 

34° 

6064 

5051 

50 

6045 

6063 

35° 

6065 

4991 

6° 

6045 

6053 

36° 

6066 

4930 

70 

6046 

6041 

37° 

6067 

4887 

8'' 

6046 

6027 

88° 

6068 

4802 

9' 

6046 

6012 

39° 

6070 

4788 

lO* 

6047 

5994 

40° 

6071 

4669 

11° 

6047 

5975 

41° 

6072 

4600 

12* 

6048 

59.54 

42° 

6073 

4589 

13° 

6048 

5931 

43° 

6074 

4458 

14° 

6049 

5907 

44° 

6075 

4386 

15° 

6049 

5880 

45° 

6076 

4811 

16° 

6050 

5852 

46° 

6077 

4285 

17° 

60.50 

5822 

47° 

6078 

4158 

18° 

6051 

5790 

48° 

6079 

4060 

19° 

6052 

5757 

49° 

6080 

4001 

20° 

6052 

5721 

50° 

6081 

8920 

21° 

60.53 

5684 

51° 

6082 

8888 

22° 

6C.54 

5646 

52° 

6084 

8756 

23° 

6054 

5605 

53° 

6085 

8671 

24° 

6055 

.5,563 

54° 

6086 

8580 

25° 

6056 

5519 

55* 

6087 

8499 

26° 

60.57 

5474 

56° 

6088 

8418 

27° 

6058 

5427 

57° 

6089 

8828 

28° 

6059 

5378 

58° 

6090 

3288 

29° 

6060 

53->7 

59° 

6091 

3142 

30° 

6061 

5275 

60° 

6092 

8051 

TRIGONOMETRIC  FORMULAS. 
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tABLE  XXVII.— TRIGONOMETRIC  ANI>  MISCELLANEOUS 

FORMULAS. 

TRIGONOMETRIC  FORMULAS. 


Q 


In  Fig  99,  let  DCE  be  the  arc  of  a  quadrant,  ABC  a  right 
triangle,  the  angle  BAG  subtended  by  the  arc  CE ^^A^  and 
consider  the  radius  AC  =  unity.     Then 


BC  -• 
AB-. 
HE. 
DF  . 
AH. 


sin^. 
cos  A 
tan  A 
cot  A 
sec -4. 


^F=co8ec^. 
J5^  =  ver8in-4. 
J)I  =  coversin-^. 
Cfi'=exsec-4. 
CjP  =  coexsec-4. 


Using  the  small  letters  a,  &,  c,  to  represent  the  sides  of  a 
right  triangle  in  Fig.  98  or  99,  we  may  write 

A  OL  A  h  'A  1 

sm-A  =  -;  cosec-4=-;  .*.  8m-A  = -• 

h  a  cosec-4 

cos-4  =  -;      sec-4=-;  .'.008^= -. 

0  c  sec-A 


tan^  =  -;      cot-4  =  -;.*.  tan -4  = -. 

c  a  cot^ 
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SOLUTION  OF  TRIANGLES. 


TABLE  XXVII.— TRIGONOMETRIC  AND  MISCELLANEOUS 

FORMULAS. 

SOLUTION  OF  RIGHT  TRIANGLES. 


Required. 

Given. 

A,  C,  C 

a,  b 

Ay  C,b 

a,  c 

C,  b,  c 

A,  a 

C,  a,  c 

Ayb 

C,  a,  b 

Af  c 

Formulas. 


sin-4  =  cosC  =  ^;    c  =  '^(b-\'  a)  (6  — a). 


tan^=cotB  =  ^;    b  =  ^a^'+c\ 

c 

C=^dO^  —  A;  c  =  acot-4;  &  =  aco8ec^. 

C  =  90°  — -4;  a=:bsmA;  c  =  &cosiii-4. 

(7  =  90°  — .4;  a  =  ctan-4;  b  =  caecA. 


SOLUTION  OF  OBLIQUE  TRIANGLES. 


Required. 
b 

B 

k(A  +  B) 

{{A  r-  B) 

A 
B 


Area 
Area 

Area 


Given. 
Ay  B,  a 

A,  a,  5 
a,&,  C 


a,  5,  c 


y 


A^  6,  c 
Aj  Bj  c 


Formulas. 


&  = 


BinB 


BiaA 
bBinA 


a 


i(X  +  B)=i(180-C) 

t&niiA  -  B)  =  5^  tan^M  +  B) 

a  4-  0 

A=i{A  +  B)  +  i{A-B) 

B  =  i{A  +  B)-i{A-B) 

If  «=4.(a+6+c),  sini^=:^(^-^H* 


^ 


cos  4^^ 


=J 


6c 


taniA=^/(^-^)<^7^) 
\      « (»  —  a) 


') 


sm 


6c 

Area  =  ^s  (s  —  a)  (s  —  6)  (s  —  c) 
Area  =  1 6c  sin  X 


genehal  formulas.  ^ 

TABLE  XXVII.— TRIGONOMETRIC  AND  MISCELLANEC 

FORMULAS. 

GENERAL  FORMULAS. 


BinA==2BiniAcoB^A, 

gin^= — L-^  =  v^i(l-cos2i4). 
cosec^ 

COB  A  =  — —  =  -v^l  —  siii2^  =  cot-4  sin^, 
sec^ 

C06^  =  1—2  am^^A  =  1  —  ver8-4. 

cos^  =  ^^i  4-  icos2^  =  coa^^A  —  sin^^^ 

tan^  =  ^^  =  Vsec2^  -  1. 
cos^ 


^^^A  --2^1  ~  cos^^  _     J3in2^ 


cos -4  1  +  C0B2A 

cot^         sin  2^ 

cot^  =  -i—  =  ^^  =  V^cosec^^  - 1. 
tan  A      sin^ 

COt-4  =       ^^^^^       =  1  +  C082^ 

1— C0S2-4  sin2^ 

aecA  = =  the  reciprocal  of  any  expression  for  cos -4. 

cos^ 

cosec^  =  — —  =  the  reciprocal  of  any  expression  for  sin -4. 
sin  A 

vers -4  =  1  —  cos-4  ==  2  sin^  ^A» 

^    A  At      vers-4 

exsec4  =  sec^  —  1  = 


Bini^ 


cos^ 
-^cosil         /vers -4 


VI  -^  cosil         n 
-  2  V" 


476  GENERAL  FORMULAS. 

TABLE  XXVII.— TRIGONOMETRIC  AND  MISCELLANEOUS 

FORMULAS. 


COBiA 


-V 


t&n^A  = 


cotiA  = 


1  +  C08^ 
2 

tan -4         1  — cos^  sm-4 


1  +  aecA         8iD.A         1  +  cos^ 
1  4-  cos-4  sin^ 


sin -4  1  ^  cos-4. 

siD2^  =  2  sin^  cobA 
C082 -4.  =  cos2^  —  sm2-4  =  2  cosM  —  !• 

2tan^ 


tan2^  = 


Qot2-4  = 


1— tanM 
cot^A  —  1 


2cot^ 

sin  {A±  B)=  sin  A  cos  J?  ±  cos^  sinE. 
cos  (-4  ±  B)  =  COB  A  cosB  if  8in-4  sinJR 

tan(^±B)=  tan^±tanB^ 

1  If  tan^tani? 

-4  +  8in5  =  2sini(^  +  ^  co8i(^  — ^ 

sinX  — sin5  =  2co8i(^  +  B)sini(^  — B). 

cos-4  +  cosB=2cosi(-4  +  ^cosi(-4  —  5). 

cosE  —  cos-4  =  2sini(-4  +  B)  sini(^  —  B). 

8in2^  —  sin2B  =  C082B  — cos2^==sin(^  +  B)zt^{A'^B^ 

coB^A  —  sin^B  =  cos  (A  +  B)  cos  {4  —  By, 

tan^d=tanB  =  "^"(-^^^> 

cos ^ cos B 

sin  J.  am^ 


MtSOELLAKfiOtJS  FOBMI^LAS. 


m 


TABLE  XXVII.— TRIGONOMETRIC  AND  MISCELLANEOUa 

FORMULAS. 

MISCELLANEOUS  FORMULAS. 


Reqaired. 

Area  of 
Trapezoid 

Regular  Polygon 

Circle 

Ellipse 

Parabola 

Surface  of 
Cone 

Cylinder 
Sphere 

Zone 

Volume  of 
Prism  or  cylinder 

Pyramid  or  cone 

Frustum  of 

Pyramid  or  cone 

Sphere 


QiTen. 

FonnnUa. 

Parallel  sides  =  m  and  n 
Perp.  dist.  bet.  them  =p 

f(m  +  n) 

Length  of  side      2 

~^cot^^* 

Number  of  sides  =?  n 

4          n 

Radius  —  r 

;rr2  [tt— 3. 1416 J 

Semi-axes—  a  and  b 

TtaJb 

Base      h,  height      h 

ibh 

Radius  of  base      r 
Slant  height  =  s 

kra 

Radius  —  r,  height  —  h 

2itrk 

Radius  —  r 

47tr^ 

Height  — h 

Radius  of  its  sphere  =  r  ^ 

2itrh 

Area  of  base  =  b 

bh 

Height  —  h 

vim 

Area  of  base  =  b 

bh 

Height  =  h 

3 

Area  of  bases  =  6  and  y 
Height  ==  h 

^(6+6M  -/6?' 

Radius  —  r 

iTtr* 

478       TABLE  IXTin.— SftUABE  AND  CUBE  BOOTS. 
Bqokre  Sools  ^nd  Cube  BooM  of  Kumbera  from  .1  to  2 


... 

Squus 

Oub.. 

Hq.  Rt 

O.  Rt 

Va. 

Bq.at. 

... 

Ko. 

Bq.Bt. 

cat 

;? 

i 

] 

1 

£ 

i 

II 

Is! 

i 

i 

i 

'■i 

1 
1 

i 

1 
i 

i 

i 
'i 

I 

"i 
i 

i 

":! 

1 

is 
s 

i 

i 

oil 

i 
i 

J 
J 
J 

J 

} 

j 
} 

ml* 

i 

I;™ 
IS 

i 

ii 

Is 

i 
i 

1 
H 

i 

IB 

MM 
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•f  B^aares,  €?ab«m  Baaare  Boota,  and  Cube 
of  Nanibers  nrom  1  to  1000. 

m  iKHXOwnw  Tablb.    WbereT«r  the  etbet  of  •  fifth  dedmal  in  the  rooto  wevld  be  If 
1  to  tfe«  llMrtk  mA  ftul  ^Ifff'T'  In  the  table,  the  addition  hu  been  made.  No  errors. 


JTo. 

flquaM. 

0ab8. 

8q.&t. 

O.Bt. 

Na 

Square. 

Oabe. 

Sq.Bt. 

ast. 

1  * 

1 

1 

LOOM 

1.0000 

61 

8731 

388961 

7.8108 

t.9866 

s 

4 

8 

1.4148 

1.35M 

63 

8844 

888828 

7.8740 

S.9579 

t 

9 

S7 

1.7881 

1.443S 

O 

S9M 

250047 

7.9378 

S.9791 

ft 

It 

•4 

S.000O 

1.5874 

64 

40M 

8621 44 

8.0000 

4. 

i 

at 

136 

S.8S61 

1.7100 

66 

4385 

874625 

8.0628 

4.0S0T 

• 

at 

Sit 

S.44M 

1.8171 

M 

4SM 

3874M 

8.1240 

4.0418 

T 

49 

8« 

3.6468 

1.9139 

67 

4489 

800768 

8.1854 

4.0616 

8 

•4 

613 

8.8384 

8.0000 

68 

4634 

S14483 

8.2463 

4.0817 

• 

81 

939 

8.0000 

8.0801 

M 

4761 

S28509 

8.80M 

4.1016 

M 

Itt 

lOM 

8.1628 

8.1544 

70 

4900 
6041 

843000 

8.86M 

4.13U 

n 

in 

ISSl 

t.SlM 

8.3340 

71 

857911 

8.4361 

4.1406 

is 

144 

1736 

8.4641 

3.3894 

73 

6184 

873248 

8.4858 

4.1608 

u 

ut 

S1V7 

8.6056 

8.8518 

73 

6339 

889017 

8.5440 

4.1798 

14 

Itt 

S744 

8.741T 

8.4101 

74 

6476 

405224 

8.6038 

4.1988 

U 

116 

M76 

8.87M 

8.4663 

75 

6625 

421876 

6.6608 

4.2178 

It 

S6t 

40M 

4.00W 

3.5198 

76 

6776 

438976 

8.7178 

4.3858 

IT 

let 

4818 

4.1381 

3.5718 

77 

5939 

456538 

8.7750 

4.36tt 

It 

IS4 

68S3 

4.2436 

8.6307 

78 

6084 

474552 

8.8318 

4.3737 

It 

Ml 

t8M 

4.8589 

8.66R4 

79 

6241 

493039 

8.8883 

4.39W 

at 

4tt 

80W 

4.4721 

8.7144 

80 

6400 

612000 

8.9448 

4.S0M 

n 

441 

SMI 

4.5836 

8.7589 

81 

6561 

531441 

9. 

4.8367 

SI 

4t4 

10648 

4.6904 

8.8030 

83 

6724 

551368 

9.0554 

4.3446 

St 

6» 

1316T 

4.7958 

3.8489 

83 

6889 

671787 

9.1104 

4.8631 

a« 

6Tt 

18834 

4.89W 

3.8845 

84 

7056 

692704 

9.1652 

4.8795 

» 

tit 

16636 

6.0000 

3.9240 

85 

7225 

614125 

9.2196 

4.89M 

St 

art 

17576 

6.09M 

8.9625 

86 

7396 

636056 

9.3786 

4.4140 

ST 

T» 

19688 

5.1M3 

8.0000 

87 

7560 

658503 

9.3274 

4.4810 

St 

T84 

81953 

6.3915 

8.03M 

88 

7744 

681473 

9.3806 

4.4480 

9 

841 

S4SM 

5.8853 

8.0728 

89 

7921 

704969 

9.4340 

4.464T 

It 

too 

87000 

6.4773 

8.1073 

90 

8100 

739000 

9.4868 

4.4814 

n 

tn 

39791 

6.5678 

8.14i4 

91 

8381 

753571 

9.5894 

4.4B79 

SS 

10S4 

83768 

5.6569 

8.1748 

93 

8464 

778688 

9.5917 

4.5144 

It 

lom 

85887 

5.7446 

8.3075 

98 

8648 

804357 

9.6437 

4.5S0T 

M 

list 

89804 

6.8810 

S.33W 

94 

88M 

830584 

9.6954 

4.54« 

It 

list 

43876 

6.9161 

8.3711 

96 

9035 

857375 

9.7468 

4.56M 

at 

ISM 

46656 

6.0000 

8.8019 

M 

9316 

8847M 

9.7980 

4.5789 

ST 

ISM 

50658 

6.0628 

8.3322 

97 

9409 

912678 

9.8489 

4.5947 

at 

1444 

54873 

6.16U 

8.8620 

98 

9604 

941193 

9.8995 

4.6104 

It 

un 

6M19 

6.3450 

8.8913 

W 

9801 

970299 

9.9499 

4.6361 

40 

itw 

640M 

6.8346 

8.4300 

100 

10000 

1000000 

10. 

4.6416 

41 

itn 

6M31 

6.4081 

S.4483 

101 

10301 

1030301 

10.04W 

4.6570 

4S 

1764 

74068 

6.4807 

8.4700 

103 

10404 

1061208 

10.0995 

4.6738 

tt 

184t 

79607 

6.6574 

8.5084 

108 

10609 

1002727 

10.1489 

4.6875 

44 

ItM 

85184 

6.6833 

8.5303 

104 

10816 

1124864 

10.1960 

4.7027 

46 

ao» 

91136 

6.7063 

8.5569 

106 

11025 

1157625 

10.2470 

4.717T 

4t 

nit 

97836 

6.7838 

S.58S0 

106 

1I2M 

1191016 

10.2956 

4.7886 

47 

not 

103828 

6.R557 

8.6068 

107 

11449 

1225043 

10.3441 

4.7476 

48 

S804 

110693 

6.9283 

8.6342 

106 

11664 

1259712 

10.3923 

4.7638 

4t 

SMI 

117649 

7.0000 

8.6593 

109 

11881 

1295029 

10.4403 

4.77M 

iO 

3800 

12SO0O 

7.0711 

8.6840 

110 

12100 

1831000 

10.4881 

4.7914 

tl 

SMI 

183651 

7.1414 

8.7084 

111 

13831 

1367631 

10.5857 

4.80M 

ts 

S704 

140606 

7.3111 

8.7325 

113 

12544 

1404928 

10.5830 

4.8206 

tt 

88ra 

148877 

7.3801 

8.7563 

118 

127m 

1442897 

10.6301 

4.8346 

t4 

3916 

157464 

7.8486 

8.7798 

114 

12996 

1481544 

10.6771 

4.8488 

66 

8025 

166875 

7.4163 

8.8030 

115 

18225 

1520875 

10.7238 

4.86M 

It 

SIM 

175616 

7.4888 

8.8250 

116 

13456 

1560896 

10.7708 

4.8776 

6T 

8349 

185198 

7.54M 

8.8486 

117 

186W 

1601618 

10.8167 

4.891t 

tt 

SS64 

19511S 

T.6158 

8.8709 

118 

18934 

1648033 

10.8628 

4.9048 
4.91tr 

it 

8481 

106878 

T.M11 

8.89M 

119 

14161 

1685156 

10.9087 

it 

MM 

fliOQt 

f.T4M 

t.tl4t 

Ut 

UiOO 

insQoo 

lOJMft 

6JtM 

480      TABLE  XIIX.— etJUABBS,  CUBES,  ASD  BOOTS. 

TABIA  of  Hqnnres,  mbes.  Nquar«  It«oU.  nnd  Caht  Bo« 
or  Xumbera  Trom  1  lo  lOOO— (Coxtliijed.) 


Bquare.     Culw.     Sq.  B 


TABLE, XXIX. — SQUARES,  0UBE8,  AND  ROOTS.      481 

TAM.g  *r  8qn»r«i,  tabea,  Nqnnro  RnntN,  nnH  CkImi  tU>Ota, 
of  nruiulH^ra  rroiu  l  to  lOOO  — t(!osTi»uED.> 


483      TABLE   XZIZ. — SQUABES,   CUBES,  AND    ROOTB. 

rABIf  orHqnnreti,  Cnbes.  Sqnore  Boota,  snU  Cube  B« 
orNninbeni  from  1  lo  lOOO— (Go.iit»i<ed  ) 


IA.BLB   ZSIX. — SQUARES,  CUBES,   AND   BOOTS. 


o.    Bqiurfl.      Cabo.      Sq.  Bt. 


484      TABLE  XXIX.— SQUARES,  CUBES,  AKD  ROOTS. 
TABI.E  Of  l^nnm.  C>lh<>fl.  Nqnaiw  Ronm,  nnd  Cnbe  B« 


TABLE  XXIX.— SIJUABES,  CUBES,  AMD   ROOTS.     485 
a  lOOO  — (.Cob: 


Ho.    BqoMra.     Oabfl.      8q-  Bt. 


486     TABLE  XXIX. — SQUARES,   CUBES,  AKD  BOOTS. 


fABId'E  of  Sqnares,  Cubes,  Square  Roots,  and  Cube  Boote« 
of  ^nmbers  from  1  to  1000— (Continhkb.) 


Ko. 

Square. 

Cube. 

Sq.  Rt. 

CRt. 

No. 

Square. 

Cube. 

Sq.  Rt. 

CRt. 

901 

811801 

731432701 

30.0167 

9.6585 

951 

904401 

860085351 

80.8388 

9.8839 

902 

813604 

733870808 

30.0333 

9.6620 

952 

906304 

862601408 

80.8545 

9.8374 

903 

815i09 

736314327 

30.0500 

9.6656 

953 

908209 

865523177 

80.8707 

9.8406 

904 

817216 

738763264 

30.0666 

9.6692 

954 

910116 

868250664 

80.8869 

9.8448 

905 

819025 

741217625 

30.0832 

9.6727 

955 

912025 

870983875 

80.9031 

9.8477 

90« 

820836 

743677416 

30.0998 

9.6763 

956 

913936 

873722816 

80.9192 

9.8511 

907 

822619 

746142643 

30.1164 

9.6799 

957 

915849 

876467493 

80.9354 

9.8546 

906 

824464 

748613312 

30.1330 

9.6834 

958 

917764 

879217912 

80.9516 

9.8580 

909 

826281 

751089429 

30.1496 

9.6870 

959 

919681 

881974079 

80.9677 

9.8614 

910 

828100 

753571000 

30.1662 

9.6905 

960 

921600 

884736000 

80.9839 

9.8648 

911 

829921 

756058031 

30.1828 

9.6941 

961 

923521 

887508681 

81. 

9.8888 

912 

831744 

758550528 

30.1993 

9.6976 

962 

925444 

890277128 

81.0161 

9.8711 

«13 

K)3569 

761048497 

30.2159 

9.7012 

963 

927369 

893056347 

81.0322 

9.8751 

914 

&15396 

763551944 

30.2324 

9.7047 

964 

929296 

895841844 

81.0483 

9.8786 

916 

837225 

766060875 

30.2490 

9.7082 

965 

931225 

898632125 

81.0644 

9.8819 

91C 

839056 

768575296 

'  30.2655 

9.7118 

933156 

901428696 

81.0605 

9.8864 

917 

840889 

771095213 

30.2820 

9.7153 

967- 

935089 

904231068 

81.0966 

9.8888 

918 

842724 

773620632 

30.2985 

9.7188 

968 

937024 

907039232 

81.1127 

9.8931 

919 

844561 

776151559 

30.3150 

9.7224 

969 

938961 

909858209 

81.1288 

9.896t 

930 

846400 

77868R000 

30.3315 

9.7259 

970 

940900 

912678000 

81.1448 

9.8890 

"921 

848241 

781229961 

30.3480 

9.7294 

971 

942841 

915496611 

81.1609 

9.9014 

922 

850084 

783777448 

30.3645 

9.7329 

972 

944784 

918330048 

81.1769 

9.9068 

923 

851929 

786330467 

30.3809 

9.7364 

973 

946729 

921167817 

81.1929 

9.9088 

924 

853776 

788889024 

30.3974 

9.7400 

974 

948676 

924010424 

81.2090 

9.9136 

925 

855625 

791453125 

30.4138 

9.7435 

975 

950625 

926859875 

31.2250 

9.9100 

926 

857476 

794029776 

30.4302 

9.7470 

976 

952576 

929714176 

81.3410 

8.919i 

927 

859329 

796597983 

30.4467 

9.7505 

977 

954529 

932574838 

81.2570 

9.93ST 

928 

861184 

799178752 

80.4631 

9.7540 

978 

956484 

935441852 

81.3780 

9.8361 

929 

863041 

801765089 

30.4795 

9.7575 

979 

958441 

938313789 

81.2890 

8.8396 

930 

864900 

804357000 

30.4959 

9.7610 

980 

960400 

941192000 

81.8050 

8.8SS8 

931 

866761 

806954491 

80.5123 

9.7645 

981 

962361 

944076141 

81.8209 

8.9861 

932 

868624 

809557568 

30.5287 

9.7680 

982 

964324 

946966168 

81 .8869 

8.8888 

933 

870489 

812166237 

30.5450 

9.7715 

983 

966289 

949862087 

81.3538 

8.8488 

934 

872356 

814780504 

30.5614 

9.7750 

984 

968256 

952763904 

81.3688 

8.8464 

935 

874225 

817400375 

30.5778 

9.7785 

985 

970225  • 

955671625 

81.3847 

8.848r 

986 

876096 

820025856 

30.5941 

9.7819 

986 

972196 

958585256 

81.4006 

8.8811 

9ST 

877969 

822656953 

30.6105 

9.7854 

987 

974169 

961504803 

81.4166 

8.8666 

938 

879844 

825293672 

80.6268 

9.7889 

988 

976144 

964430272 

81.4825 

8J686 

939 

881721 

827936019 

30.6431 

9.7924 

989 

978121 

967361669 

81.4484 

8.86N 

940 

883600 

830584000 

80.6594 

9.7959 

990 

980100 

970299000 

81.4648 

8J080 

941 

885481 

838237621 

80.6757 

9.7993 

991 

982081 

978242271 

81.4803 

8.8006 

942 

887364 

835896888 

80.6920 

9.8028 

992 

984064 

976191488 

81.4960 

8.8788 

9t3 

889249 

838561807 

30.7083 

9.8063 

993 

986049 

979146657 

81.5119 

8.8700 

944 

891136 

841232384 

30.7246 

9.8097 

994 

988036 

982107784 

81.5278 

8.8000 

945 

893025 

843908625 

30.7409 

9.8132 

995 

990025 

985074875 

81.5486 

8J6St 

946 

894916 

846590536 

30.7571 

9.8167 

990 

992016 

988047936 

81.5585 

8.8000 

947 

896809 

849278123 

30.7734 

9.8201 

997 

994009 

991026973 

81.5758 

8.8000 

948 

898704 

851971392 

30.7896 

9.8236 

998 

996004 

994011992 

81.5911 

8.810t 

919 

900601 

854670340 

30.8058 

9.8270 

999 

998001 

997002999 

81.6070 

8.88ir 

950 

902500 

857375000 

30.8221 

9.8305 

1000 

1000000 

1000000000 

81.6228 

10. 

To  find  tbe  square  or  cube  of  any  wbole  number  endte« 
witb  eipbers.    First,  omit  all  the  final  ciphers.    Take  from  the  table  the 

■quare  or  cube  (aa  the  case  may  be)  of  the  rest  of  the  number.  To  this  Mquare  add  tttle*  M  maay 
ciphers  as  there  were  floal  ciphers  in  the  origmal  number.  To  the  cn6e  add  three  timet  u  bmbt  m 
«  the  original  number.  Thus,  for  905003 ;  9053  =  819025.  Add  twice  2  oipbers.  obtaininc  I 
Vtor  905003.  9053  =  741217625.    Add  3  times  2  ciphers,  obtainiQ^  741317625000000. 
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TABLE  XXX.    THE  TRUE  MERIDIAN  AND  THE 

MAGNETIC  DECLINATION. 

The  method  given  below,  and  Tables  A  and  B  following, 
have  been  adapted  from  the  1914  issue  of  "Principal  Facts 
of  the  Earth's  Magnetism,"  published  by  the  U.  S.  Coast  and 
Geodetic  Survey. 

Determmation  of  (i)  The  True  Meridian  with  a  Transit  by 
Observations  on  Polaris  at  Elongation;  (2)  The  Magnetic 
Declination.  • 

1.  (a)  Twenty  or  thirty  minutes  before  elongation,  as  found 
from  Table  A,  set  up  the  transit  over  a  previously  placed  hub. 

(6)  Bring  the  vertical  wire  upon  Polaris,  which  will  appear 
to  move  to  the  right  for  eastern  and  to  the  left  for  western 
elongation,  except  shortly  before  and  after  elongation. 

(c)  Using  the  tangent  screw  of  vernier  plate,  bisect  the  star 
imtil  no  further  lateral  motion  is  apparent. 

{d)  Depress  the  telescope  to  the  horizontal  and  sight  a  strongly 
illuminated  plumb  line  or  pencil  held  vertically  over  or  upon 
a  piece  of  2  X  4-inch  lumber,  300  or  400  feet  north  of  instru- 
ment, which  has  been  previously  so  set  and  firmly  held  in  a 
horizontal  east-west  position  that  the  mark  sighted  will  be 
sure  to  fall  upon  it  when  the  star  is  at  elongation,  and  bring 
the  illuminated  object  precisely  into  the  line  of  sight.  Mark 
on  the  2X4  the  point  thus  found.  Quickly  revolve  the  vernier 
plate  about  180°,  repeat  the  operation  and  bisect  the  distance 
between  the  two  points  thus  located  on  the  2X4.  A  line 
■  joining  this  point  with  the  transit  hub  will  lie  in  the  vertical 
plane  through  the  instrument  and  the  star  at  elongation. 

(e)  By  daylight  lay  off  to  east  or  west,  as  required,  the 
azimuth  taken  from  Table  B  for  the  latitude  of  the  place; 
the  line  of  sight  will  then  define  the  true  meridian.  Set  mon^* 
uments  if  wanted  for  future  reference. 

2.  The  magnetic  declination  is  found  by  reading  the  north 
end  of  needle  on  the  compass  circle  when  its  zero  Ues  in  the 
vertical  plane  of  the  line  of  sight,  while  this  is  in  the  true 
meridian.  To  determine  the  mean  daily  declination  find  the 
mean  of  a  set  of  declination  readings  taken  at  intervals  through- 
out the  day. 
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TABLE  XXX. — Table  A.  Local  Mean  (Astronomical)  Time  of  the 
Culminations  and  Elongations  of  Polaris  in  the  Tear  1015» 

(For  Latitude  40°  North  and  Longitude  90°  West  of  Greenwich). 


Date. 

East 

u 

pper 
Imin. 

West 

Lower 

Day  of 

Elapsed  Corr., 

Elong. 

Cu 

Elong. 

Culmin. 

Month. 

Days. 

Min. 

Jan  1 

h 
0 

m 
51.7 

h 
6 

m 
46.9 

h 
12 

m 
42.1 

h 
18 

ni 
44.9 

For    any    calendar    day 
other  than    the  Ist  or 

15th,  subtract 

the  i*nr- 

Jan.  15 

23 

52.5 

5 

51 . 6 

11 

46.8 

17 

49.6 

rection  from  the  tabular 

Feb.  1 
Feb.  15 

22 
21 

45.3 
50.1 

4 
3 

44.5 
49.2 

10 
9 

39.7 
44.4 

16 
15 

42 . 5 
47.2 

quantities  for 
ceding  date. 

the  pre- 

Mar.  1 

20 
19 

54.8 
59.6 

2 
1 

54.0 
58.8 

8 
7 

49.2 
54.0 

14 
13 

52.0 
56.8 

Mar.  15 

Apr.     1 

18 

52.7 

0 

31.9 

6 

47.1 

12 

49.9 

2  or  16 

3  17 

4  18 

1 
2 
3 

3.9 

7.8 
11.8 

Apr.  15 
May    1 

17 

57.7 

23 

52.9 

5 

52  .'o 

11 

54.8 

16 

64.8 

22 

50.0 

4 

49.2 

10 

52.0 

5       19 

4 

15.7 

May  15 

15 

59.9 

21 

55.1 

3 

54.2 

9 

57.0 

6       20 

5 

19.6 

June    1 

14 

53.3 

20 

48.5 

2 

47.6 

8 

50.4 

7       21 

6 

23.5 

June  15 

13 

58.5 

19 

53.7 

1 

52.8 

7 

55.6 

8       22 

7 

27.4 

July    1 

12 

55.9 

18 

51.1 

0 

50.2 

6 

53.0 

9       23 

10  24 

11  25 

8 

9 

10 

31.4 
35.3 
39.2 

July  15 

12 

01.1 

17 

56.3 

23 

^T^ 

5 

58.2 

Aug.     1 

10 

54.5 

16 

49.7 

22 

44.9 

14 

51.7 

12       26 

11 

43.1 

Aug.  15 

9 

.59.8 

15 

55.0 

21 

50.2 

3 

56.9 

13       27 

12 

47.0 

Sep.     1 

8 

53.2 

14 

48.4 

20 

43.6 

2 

50.3 

14       28 

13 

51.0 

Sep.    15 

7 

58.3 

13 

53.5 

19 

48.7 

1 

55.4 

29 

14 

54.9 

Oct.     1 

6 

55.5 

12 

50.7 

18 

45.9 

0 

52.7 

30 
31 

15 
16 

58.8 
62.7 

Oct.  15 

6 

00.6 

11 

55.8 

17 

51.0 

23 

53.8 

Nov.     1 

4 

53 . 7 

10 

48.9 

16 

44.1 

22 

46.9 

Nov.  15 

3 

58.6 

9 

53.8 

15 

49.0 

21 

51.8 

Dec.     1 

2 

55.6 

8 

50.8 

14 

46.0 

20 

48.8 

Dec.  15 

2 

00.4 

7 

55.6 

13 

50.8 

19 

53.6 

A.  To  refer  above  tabular  quantities  to  any  year  other  than  1015, 
add  or  subtract  (as  indicated  by  +  or  —  signs)  the  number  of  minutes 
shown  below  for  the  respective  years: 

1916:  +1.6  up  to  March  1;    -2.3  on  and  after  March  1. 

1917:  -0.7;   1918:    +0.9;  1919:    +2.5. 

1920:  +4.0  up  to  March  1;    -0.1  on  and  after  March  1. 

1921:  +1.6;  1922:    +3.1;  1923:    +4.5. 

1924:  +5.9  up  to  March  1;    +2.0  on  and  after  March  1. 

1925:  +3.3;  1926:    +4.6;  1927:    +5.9. 

1928:  +7.2  up  to  March  1;    +3.3  on  and  after  March  1. ". 

B.  To  refer  the  table  to  standard  time  and  to  the  civil  day: 

(a)  For  each  degree  of  longitude  west  of  the  90th  meridian  add  4,  and 
for  each  degree  east  subtract  4,  minutes  from  the  tabular  quantities. 

(6)  The  astronomical  day  begins  twelve  hours  after  the  civil  day  of  sams 
date.     Thus,   14  h.  52  m.   March  15  astronomical  is  2:52  a.m.   Marc 
civil  time. 

Two 
tions  on 

two  lower  culminations  on  October   14.     Upper  and  lower  culmiiiation, 
are  separated  by  11  h.  58.0  m. 

C.  For  every  degree  of  latitude  .south  of  40°  add  0.1  m.  for  west  elongation, 
and  for  every  degn^e  north  of  40°  subtract  0.16  m.  lieverso  these  oper- 
ations for  east  elongations. 

I).  For  every  ir>°  of  longitude  ea.st  of  00°  add  0.16  m.,  and  for  every  16« 
west  of  90°  subtract  0 .  1(>  m. 


[aroh  10 


eastern  elongations  occur  on  Jan.  14,  1015,  and  two  western  elonga- 
n  July  13,  1015:  two  upper  culminations  occur  on  April  14,  and 
wer  culminations  on  October   14.     Upper  and  lower  culounation. 
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Abutments 266 

Acceleration  of  gravity 114,  222 

Acceleration  of  train : . . . .   223 

Acceptance 281 

AdjuBtments  of  transit 11 

wye  level 25 

Alignment. 20 

Allowance  for  shrinkage 232 

Aneroid  barometer > .       3 

Angle,  deflection. . . .  ^ 42 

index 64 

sub-deflection 64 

Area  of  waterway,  formulas  for 259 

Areas  of  cross-sections,  five  level 234 

general  formulas  for 235 

level,  Table  XVII .^ 446 

three  level 233 

three  level  correction 236 

Averaging  end  areas,  volume  of  prismoid  by 237 

Ballasting 277 

Barometer,  aneroid ^ 3 

Bearings,  compass 6 

Bench  marks 29 

Berm 229 

Borrow  pit 216,    229,  233 

Bridge  chord 266 

Bridges,  estimates  during  construction 279 

on  curves 266 

trestle 263 

Bulkheads  for  trestle  bridges 264 

Caps  for  trestle  bents 264 

Center  of  gravity  of  cross-sections  on  curves ' 244 

Center  stakes 274 

Centrifugal  force 114 

Change  of  location 77,  89 

Chief  of  party 9 

report  of 37 

Clearing  and  grubbing 257 

Compass  bearings 8 

491 
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Compass  party J. 

Constant,  instrumental 3    . 

Construction,  definitions 215-21' 

Correction  for  curvature  of  the  earth 2". 

Crandall.  C.  L 115 

Crellin,  E.  W 116 

Cross-country  lines f 

Cross  haul 248 

Cross-section  notes 231  i 

Crossing  frogs 200  I 

Crossing  slips 211   i 

Crossovers,  curved  frogs  and  switch-rails 106-112  ' 

straight  frogs  and  switch  rails 196-108  | 

Crotch-frogs 166,  180,  183 

Culverts,  intersection  of  flow  line  and  embankment  side  slopes 261  ' 

Curvature,  compensation  for 227  , 

.  correction  for  the  efifect  of  the  earth's 27 

effect  of  on  train  resistance 227 

error  due  to 27 

Curve  functions  defined 41 

Curve  protractor 3& 

Curves,  compound,  change  of  location 89-100 

location  problems 84-87 

obstacles,  to  pass 88 

track  problems,  frogs  and  switch-rails  ciirved.    100-1  lb 

simple,  definitions  of  terms 41 

difference  in  length  of  arc  and  long  chord 57 

formulas  for  one  or  more  elements  in  terms  of  others. 47-58 

formulas  for  radii 43 

functions  of  a  one-degree 45 

location,  change  of 77788 

location  with  chain  only 09-63 

location  with  transit  and  chain 63 

metric 44 

obstacles  to  location 67-77 

through  a  given  point 74 

reversed,  location  of 106-112 

objections  to 100 

Curves,  transition 114-148 

coordinates  of  points  on 115 

deflection  angles  for 115 

equation  of 116 

explanation  of  tables 122 

field  formulas 128 

length  to  be  taken 125 

location  by  deflection  angles 133 

location  by  offsets 132 

notes 136 

problems 187-148 

requirements  of  true 115 

simplified  formulas 128 
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Curves,  vertical •. 217 

Cut-ofifs  for  piles 264 

r- 

Datum 29 

Declination,  magnetic 487 

Deflection  angle  defined 42 

^  Deflection  angles,  full,  for  simple  curves 63 

^                                   sub-,  for  simple  curves 64 

^                                   for  transition  curves 119 

Degree  of  curve. '. 42 

Difference  in  length  of  arc  and  chord 67 

Difference  of  elevation 28 

Division  Engineer. . 215 

Drainage  areas ,..,,,,.•,,•, 258 

Earthwork,  classification  of 278 

measurements  for  estimates 278 

on  curves 244 

shrinkage,  growth 237 

swell  of 252 

volumes,  by  averaging  end  areas 237 

by  prismoidal  formula 238 

prismoidal  correction 240 

Economic  haul,  limit  of 253 

Elevation  of  outer  rail  on  curves 221 

Engineer,  division 215 

resident 215 

Estimates,  final 281 

monthly 278 

Extras , , 281 

Field  corps 9 

Final  estimate 281 

Free  haul 246 

Frogs,  crossing 209 

crotch,  or  middle 166,    180,  183 

number,  etc.,  defined 154 

rigid 155 

spring ; 155 

Froude,  Wm , t  f .  1 1 . 1 1  •  •  1 1 115 

Gauge  of  track  defined 151 

Grade  points 217 

stakes 275 

Grades,  effect  of 225 

helper,  or  pusher 226 

minor 226 

ruling 225 

virtual 224 

Gravatt 115 

Guldin's  rule 245 
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Haul,  orosg 248 

defined 246 

economic,  Hmit  of 253 

free ...  246 

Headblock 153 

Head,  velocity,  defined .222 

table  of .      . . 223 

Holbrook.  Elliot .    .  115 

Hubs  or  plugs ■ , 20 

Index  angle 64 

Instrumental  constant 19 

Ladder  tracks 169 

Land  line  ties 35 

Lead  of  turnout,  definition  of.          155 

frog  and  switch-rails  curved 195 

frog  and  switch-rails  straight 155 

stub 193 

Leads,  table  of  practical,  frog  and  switch-rails  straight       162 

table  of  theoretical,  frog  and  switch-rails  curved 195 

table  of  theoretical,  frog  and  switch-rails  straight 161 

Level,  adjustments  of 25 

bench  marks 29 

curvature  error 27 

difference  of  elevation  by 28 

field  work 30 

hand 3 

notes  . 30 

party •     25 

rod.    .    .    31 

sections 229 

Limit  of  economic  haul        .    .  . 253 

Location,  change  of 77 

Location  of  curve  by  off  sets  from  long  chords 62 

by  off-sets  from  tangent    61 

with  transit  and  chain 63 

Location  surveys,  paper  location 38 

use  of  curve  protractor 39 

work  of  field  corps . 40 

Loops .  , t 7 

« 

Maps,  scales  of , 36 

use  of  on  location   . .    30 

use  of  on  reconnaissance . 4 

Masonry,  measurements  for  estimates  of.    270 

Mass  curve      249-266 

Mass  diagram,  construction  of 263 

properties  of 256 
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llBtiie  ennras.  definition  of 44 

Uble  of  radii  of  Table  la 288 

If  onthly  estimates 278 

Monthly  payments 280 

Monntain  lines 6 

Mycr'a  formula  fgr  area  of  waterway 260 

Natural  secants  and  cosecants,  Tabic  XI 382 

rines  and  cosines,  Table  X 373 

tangents  and  cotanicentfl,  Tabic  XII 395 

versinfes  and  ezsecants,  Table  XIII 407 

Notes,  cross  section 231 

level 30 

top<^[raphic 33 

transit,  location  surveys 66 

prriiminary  surveys 21 

transition  curve  location 135 

Number  of  frog.   154 

Obstacles  in  tangent 22 

on  compound  curves 88 

on  simple  curves 67 

Odometer 3 

Offsets  from  chord  produced 53 

from  long  chords 49 

from  tangent       56,  61 

to  mid  and  quarter  points  oi  lead  rail    157 

to  side  ttack  curve           169 

Ordinates-to  long  chor<l  of  simple  curve 49 

to  lead  tail  oi  turnout       157 

lo  Side  track  curve       169 

Overhaul 246 

Parallax 12 

Pedometer           3 

Piers  and  abutnientd 266 

Pile  bents 264 

Pile  cut-offs  264 

Pocket  compass 2 

Preliminary  report,  estimates  lor 37 

maps  for                     34 

piofile  lor 36 

Prdiminary  surveys,  "  backing  up  '   on 9 

exploration  line 8 

field  party  lor 9 

first  and  si-oond     9 

land  line  tK's  to      35 

Pnsmoidal  correction. .  .                         240 

table  ol  lor  level  sections 241 

Prismoidal  formula 238 
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Profile,  scaleij  of 36 

progress 279 

Radii  of  curves,  Table  1 285 

Radii  of  metric  curves,  Table  la 288 

Radius  of  existing  curved  track,  to  find .• 113 

Rainfall,  excessive 260 

Rankin,  Wm.  J.  Macquorn. 115 

Reconnoissance,  how  made 2-4 

object  of 1 

types  of  lines 6 

use  of  maps  on 4 

Reference  points 20 

use  ot  in  recovering  lost  hubs    274 

Resident  engineer 215 

Ruling  grades 226 

Run-oCf  lormulas , , t  • 260 

Searles,  W  H 115 

Shafts 2/0 

Shrinkage     .    .  • 232 

Sines  and  cosines,  logarithmic,  Table  VII 312 

natural,  Table  X .  .      373 

Slip'switches 2]1-21;2 

Slope  stakes,  distance  out  lor  level  sections 228 

inclined  surfaces 229 

Sodding 276 

Stadia  defined .      ...    17 

Stadia  lormulas                       17 

instrumental  constant  lor  use  with 19 

Stadia  method  lor  prchminary  surveys 21 

Stakes,  center    274 

grade     276 

Station  numbers 20 

Station-yard  defined 246 

Stub  lead    '. 193 

Sub  deflection  angle 64 

Swell  ol  earthwork 252 

Swings 277 

Switch  backs 6 

Switch  stands 153 

Switches  defined   161 

facing    .' '  163 

ground-levei 163 

monkey 153 

practical  leads,  etc.,  Table  of  lor  straight  Irogs  and  switch-rails  162 

slip ^      211.212 

theoretical  leads,  etc.,  Table  of  lor  curved  irogs  and  switch-rails  290 
theoretical  leads,  etc.,  Table  of  tor  straight  frogs  and  switch- 
rails  161 


INDEX.  497 


PAGB 

Switches,  three  throw  and  tandem 165 

tongue  and  mate 151 

trailing 153 

tumbling  lever , 153 

Tables: 

XVII.  Areas  of  level  cross-sections 446 

Areas  of  right  of  way  100  feet  wide 258 

XIV.  Coordinates  of  transition  curves 430 

IXa.  Correction  factors  for  use  with  table  of  functions  of  a  one- 
degree  curve 372 

XVIII.  Corrections  for  three-level  ground 450 

Corrections  for  vertical  curves 220 

XIX.  Cubic  yards  per  100  feet  in  terms  of  center  heights 451 

XX.  Cubic  yards  per  100  feet  in  terms  of  sectional  area 465 

XV.  Deflection  angles  for  transition  curves 431 

Distance  between  frog-points  of  crossovers 197 

Elevation  of  outer  rail  on  curves 221 

IX.  Functions  of  a  one-degree  curve 342 

g  —  'Vgt,  value  of  for  stub  leads 194 

XXVI.  Lengths  of  one  minute  of  arc 472 

Length  of  transition  curve  for  various  values  of  V  and  K.  .  .  125 

Length  of  transition  curve,  minimum 127 

VII.  Logarithmic  sines  and  cosines 312 

VIII.  Logarithmic  tangents  and  cotangents 327 

^VI.  Logarithms  of  numbers 294 

IV.  Long  chords,  and  actual  arcs  for  one  station 291 

XXIII,  Material  required  for  one  mile  of  track 470 

V.  Mid  ordinates  to  long  chords 292 

II.  Minutes  in  decimals  of  a  degree 289 

XXIV.  Mutual  conversion  of  feet  and  inches  into  meters  and  centi- 

meters   471 

XXV.   Mutual  conversion  of  miles  and  kilometers 472 

XI.  Natural  secants  and  cosecants 382 

X.  Natural  sines  and  cosines 373 

XII.  Natural  tangents  and  cotangents 395 

XIII.  Natural  versines  and  exsecants 407 

Practical  switch-leads,  etc.,  straight  frogs  and  switch-rails  . .  .  162 

Prismoidal  corrections  for  level  sections 241 

I.   Radii  of  curves 285 

la.  Radii  of  metric  curves 288 

XXI.  Rise  per  mile  of  various  grades 469 

XXII.  Slopes  for  topography 470 

XXVIII.  Square  roots  and  cube  roots  from  0.1  to  28 478 

XXIX.  Squares,  cubes,  square  roots  and  cube  roots  from  1  to  1000 .  .  479 

III.  Tangential  offsets 290 

Theoretical  switch  leads,  etc.,  for  straight  frogs  and  switch-rails  161 

XVI.  Transition  curve  Table 433 

XXVII.  Trigonometric  and  miscellaneous  formulas 473 

XXX.  True  meridian  and  magnetic  declination 487 
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Turnout  table  for  curved  frogs  and  switch-rails 195 

Velocity  heads  for  various  train  velocities 223 

Talbot's  formula  for  area  of  waterway , 260 

Tangent  distance 42 

Tangential  deflection  offsets 64 

offsets,  Table  III 290 

offsets 56 

Tangents  and  cotangents,  logarithmic,  Table  VIII 327 

natural.  Table  XII 395 

Three  level  sections,  area  of 233 

Topographic  field  work 32-33 

notes 33 

party 32 

Track  centers  and  grade  stakes 277 

Track  material 280 

required  for  one  mile  of  track,  Table  XXIII 470 

Transit,  adjustments  of 11 

gradienter  on 16 

notes 21,  66,   135,  136 

party 10 

stadia  or  telemeter 17 

vernier 15 

Transitman,  duties  of  on  preliminary  surveys 10 

Trestle  bents 264 

bridges 263 

bulkheads 264 

Trestle,  filling  in •  267 

relation  to  embankments 267 

Tunnel  cross-sections 269 

portals 271 

Tunnels 268 

Tunnels,  ventilation  of 270 

Turnouts,  changes  resulting  from  change  of  lead 158 

coordinates  of  quarter  points  of  lead  rail 156 

definitions 151 

field  work  of  locating 164 

from  curves,  degree  of 171,  186,  189 

from  curves,  problems  in 173-179 

from  straight  track,  problems  in 166-170 

practical  leads 158 

theoretical  lead  and  radius  for  curved  frogs  and  switch-rails.  178 

theoretical  lead  and  radius  for  straight  frogs  and  switch-rails  156 


Velocity  head,  defined * 222 

table  of 223 

Ventilation  of  tunnels 270 

Virtual  grades 224 

Volumes  of  earthwork,  by  averaging  end  areas 237 

by  prismuidal  formula 283 
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Volumes  of  earthwork,  cubic  yards  per    100  feet  in  terms  of  center 

heights:  Table  XIX 451 

cubic  yards  per  100  feet  in  terms  of  sectional 
area,  Table  XX    465 

prismoidal  correction 240 

Wellington,  A.  M lib 

Wye  level,  adjustment  of ^ 

Wyes,  location  of,  curved  frogs  and  switch-rails  assumed 104  1  Ud 

straight  frogs  and  switch-rails  assumed 205--?08 

Yard-station 240 

Y's,  see  wyes , .    104  106 


